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This presentation answers four important questions:

(1) Why must NASA do research in space?

(2) What are the objectives of space sciences research?

(3) What is this agency’s space sciences research program?

(4) How much will this space sciences research program{cost

| in fiscal year 19617

Now, why must NASA do research in space? The many reasons
can be summariied by the observation that such research contributes
materially to each of the eight objectives enumerated by the Congress
in the Naticnal Aeronautics and Space Act of 1958 and, in fact,
constitutes the very Pirst objective: "The expansion of human
knowledge and phenomena in tha atmosphere and spa;ce"° Furthermore,
before man ventures into this new and hostile enviromment of
radiation belts, solar winds, cosmic radiation, and méteofites,
we must learn enough about this environmment to insure man's safety,

Nexi, what are the NASA space sciences rasearch objectives?
In the past, man was limited to observaticns which could be made
at or near the surface of the earth. Now the scientist can send
his measuring equipment on sounding rockets and satellites throughout
the earth's atmosphers;, and into space beyond the moon on lunar

and planetary probes. Even those regions of the universe which
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instruments cannot reach have been open=d up to more peﬁetrating
study; for telescopes and satellites coursing ahove the earth's
atmosphere can observe the radiations in ali of the wave lengths
‘which arrive from the vasﬁ.depths of space. Unobscured and
undistorted by the earth's atmosphere, these radiations may be
expected to reveal a hitherto inaccessible wealth of information
about the‘universe°

Seizing upon the new opportunities, scientists the world over
are busily investigating a wide range of phenomena. The gecphysicist
is using sounding rockets and earth satellites to study the
properties and behavior of the earth's atmosphere, ionosphere,
magnetic field, auroras, and other phenomena in space close to the
earth. Cosmic rays, radistion belts, and the solar wind are under
intensive investigati;n thousands of miles above the earth. The
moon, the sun, and the stars receive their due share of attention.
Cosmic experiments to study gravity and relativity theory, to
obsérve”physical processes and materials in the environment of space,
and to probe the mysberies of life in space are in preparstion.
Menned flight away frbm the earth into the hostile environment of
space is imminent. In support of this world-wide quést for knowledge
and experience, hundreds of sounding rockets and more than a dozen
satellites and space probes are to be fired each year for the

foreseeable future.
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At first glance, this broad range of activities may seem
disconnected and random. But in all this aétivity there is one
simple, coherent pattern. One clear-cut, concise set of objectives
ties together and motivates all of this activity. These objectives
are:

(1) To understand the nabturs of “he control exerted by

the sun over events on the earth;

(2) To léarn the nature and'origin of the universe,

including the solar systesm; and

(3) To search for the origin of 1ife and its presence

ouwtside the earth.

Let us consider the first ob!jective° The sun affects every .
aspect of human activity. If its radiation were to increase or
decrease by a small fraction of cne percent, our present mode of
existence would undergo marked changss. Knowledge of the sun
and its influence on the earth has direct bearing on our daily
activit& and cn our #éryvexisﬁéngea

Actually, we know that the tobtal solar snergy oubtpubt does
not, and should not be expectzd %o, change sppreciably. It is for
this reason that the solar erergy rasching the earth's surface
per square centimeter per mirubte is called the solar constant; It
is this energy in the visible and infrarel regions of the spectrum
which furnishes the driving power for our winds, storms, and the

other manifestations of weathzr.
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But one small part of the sun's energy does undergo important
fluctuations. This pert comprises the gusts of x-rays, ultraviolet
light, and charged particles which are emitted from the sun at times
of unusual surface turbulence. The radistions travél at the speed
of light, reaching the earth some eight minutes after leaving the
sun. They are absorbed in the higher levels of the atmosphere, well
above our "weather sphere", and produce heating, chemical reactions,
and electrical charging of the very thin air. It may be said that
they give rise to a sort of upper atmospheric weather whose storms
produce heating, chemical reactions, and radio blackouts. The
charged solar particles travel at the more modest speed of some
‘1,000 miles per second, reaching the earth in one or two days.
Upon arrival, they are seized by the earth's magnetic field and
funneled into the polar latitudes, producing magnetic field storms,
modifying the radiation belts, augmenting the auroral displays, and
producing longer-lived radio and telephonic communications breakdowns.

One of the most exciting chapters in the history of sun~-earth
relationships concerns the discovery by James Van Allen of the
radiation belts which bear his nsme. These belts consist of
charged particles which are trapped and guided by magnetic lines
of force many thousands of miles gbove the earth's surface. Although
the possible radiological effects of these particles are well
known, their geophysical role in transferring energy from the sun
to the earth, accompanied by heating, aurcras, and communications

disturbances, may well prove to be more significant.‘
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Experimental evidence obtained during 1959 shows the
importance of the Van Allen belts in sun~earth relationships.
.Pioneer IV, launched in March after five days of unusually intense.
solar and auroral stivity, dgtebfed a belt population some ten
times greater than that observed by Pioneer III during a period
of solar quiet. In October, Explorer VI radioed.back counting
rates 5000 times lowér than those of Pioneer IV; but several
weeks later, after some intefvening solar activity, Explorer VI
coﬁnt?r showéd a return ofvthe particle population nearly to its
Pioneer IV le%el.

These fragmentary measurements have led to strong disagree=
| ments between thé‘scientists‘themselves concerning the interpre-
_tation of the ;eSults‘and their geophysical importance. Consequently,
it is impprtaﬁt to measure the populations of such energetic
particles over long pefiod; 6f time and to many tens of thousands
of miles from the eaith.v One entiré satellite to be lapnched
in 1960 will be deyoted to the observation of these trapped particles,
using more coﬁplex detectors which will separatelthe particles by
type and by energy. Particularly important will be the first
measurement’of the very low energy protons (hydrogen nuclei)
having energies of less than 10,000 electron volts, which is only
half the energ&<6f the charged particles in the average home TV
picture tube. Due to their potentially large pépulation, such

particles may even be dominant in producing geophysical effects.
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The second approach %o the measurement of charged particle
activity is the use of a space probe in orbit around the moon,
to detect the clouds of solar particles as they sweep across the
moon's orbit, and, in cooperation with measurements from an earth
sateilite, to measure the velccihy of the solar particles. Still
another approach to be followsd in 1960 is the rocket launching
of regoverable film, or nuclear emulsions, into the polar atmos~
phere during unusual solar activity, so that the responsible par-
ticles may be identified by studying their photographic tracks.
Such identification is as positive as that of an individual by
his fingerprints.

Such effects have & pracbtical aspect. It has been suggested
that the arrival of larges numbers of solar particles may trigger
major weather disturbances. For sxample, on February 10, 1959, a
large sclar flare was followed by magnetic storms, radio disturbances,
a red surora visible as far soubth as Washiugbon, record high
temperatures in the Arctic, and frsezing snow thfoughout large areas
of the South. Although this on=z event could have been coincidental,
a study of weather statistics for cther vears has shown a definite
correlation between magnetic storms and rising polar temperatures
five days later. Tree rings and wheat price index both show an
eleven year cyclic weather variabion, corrssponding to the sun spot
activity cycle. More kuowledge of such pheromensa could lead to the

future use of data transmitted from a distant satzliite observatory
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to predict the arrival of a cloud of solar particles in time to
light the smudge pots in Florids.

The importance of the sun to man, and the immediate value of
the knowledge of sun-earth relationships; is clear. But, under-
lying such relationships is an even more fundamental matter, that
of the nature of the entirs universe. Science is based on the
assumption that all activity is governed by unlversal laws which
apply both near at hand and in the remotest part of the universe.
These laws form the basis for the origin and development of living
matter.

All the achievements of scisnce in the lasb century have been
applied to the development of a remarkabls description of the
universe and its elementary constituents. The development begins
with the neutron, proton snd elzctron; these are the fundamental
building blocks of the universe. Neubrons gnd protons are bound
together tightly to form the abomic mucleus. Abtoms consist ofl.
electrons bound %o the nuclaus and cilrcling around it at some
distance, like a planstary sysbtem in miniaburs. Abtoms combine to
form molecules, which ir Turn ars cemenbad htogether +o form
visible matter as we know it. Our esrbth is a collection of such
matter, circling around tke sun along with the eight other known
planets. The sun is one of +the 100 billion stars of our disc-shaped
galaxy whose cross-section w= kocw as the Milky Way. In turn,
the galaxies tend to collach in huge clusters which together

make up the universe.
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This entire hierarchy is built on three basic forces:

(1) Nuclear force, the most powerful force known, which
clamps together the nucleus of the atom so tightly that one cubic
inch of nuclei (such as is found in white dwarf stars) weighs one
billion tons.

(2) Electromagnetic forces, which bind electrons to nuclei,
atoms into molecules, and molecules into gross matter. These
forces are some one hﬁndred times weaker than nuclear forces.

(3) Gravitational force, which gives man weight and holds the
solar system together. This force is thO times weaker than the
nuclear force.

The weakness of the gravitational force can be illustrated by
the smallness of an electromagnet which will 1ift a one pound
iron bar, compared with the tremendous size of the earth which
éenerates one pound of gravitational force on the irom.

Strangely enough the formation and evblution of stars depend
upon the interplay~be¥ween the weakest and strongest of these
forces. Initially,'starsyare probably forﬁed out of condeﬁsation
of the interstellar dust in space. Once begun, gravitational
attraction accelerates the condensation process until the
pressure and temperature at the center are high enough to
initiate a thermonuclear reaction whose heat prevents further

attraction. The rest of the star's life history depends only
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on its initial mass and on the relative amount of different
elements present; i.e., its chemical abundance. The determination
of this chemical abundance of stars is one of the most basic
problems in the study of stellar evolution.

Perversely enough, the light which contains the beét
information on chemical abundance on stars is beyond the visible
portion of the spectrum in the ultraviolet; but such wavelengths
cannot penetrate the earth's atmosphere. Thus, for the first
time, man can obtain this vital information from an observatory
located on an artificial or natural earth satellite. The very
first ultraviolet experiments, flown by scientists of the U. S.
Navy in rockets, disclosed many sources of ultraviolet light,
some at locations where there is no visible emitter of light.

The nature of such ultraviolet sources is still a mystery.
Their further study from an orbiting astronomical observatory
is an objective of the highest scientific priority which may
be expected to produce new information concerning the structure
of the universe.

Just as stars may have formed by the condensation of
interstellar matter, so planets may have formed by the condensation
of smaller pockets of matter left over from the stellar formation.
If this condensation theory is the correct one, then planets such

as ours must be very commonplace in the universe. On the other
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hand, it 1s possible that our planets were born catastrophically,

in a rare collision between our sun and a second star. Since the

probability of such a collision is extremely small with the existing

stellar population, the catastrophic theory implies a small
probability of other planets in the universe, and a correspondingly
small chance of life existing outside of ocur solar systemn‘

If we can determiﬁe what the temperatures of the moon and
planets were at the time of their formation, we will have gone
far toward discriminating between the condensation and catastrophic
theories of the origin of the solar system. For if these planets
were formed by the cooling of hot masses of solar gas, they must
have passed through a molten phase; while if they were formed by
the condensation of relatively cool gas or dust, they may never
have existed in the molten stage. This is particularly true of
the moon, which is small enough so that the heat produced by decay
of radiocactive uranium can be lost to its surface rapidly enough
to keep the temperature below the melting point. In this respect,
the moon is of greater interest than either Mars or Venus.

Another reason for concentrating on lunar observations is
the uniqueness of the moon as the only major accessible body whose
surface has been unchanged for a major portion of its life, some
three billion years. This is dus tc the combined lack of mountain

building and lack of erosion by air or water.



Thus, our first need is to come close enough to read
nature's handwriting on the lunar surface. Television cameras
in orbit about the moon or enroute to a crash landing can radio
back detalled information of the lunar surface characteristics,
while observations 6f a lunar satellite orbit can detect whether
or not the moon has a "raisin bread structure" of iron chunks
embedded among lighter rock, which would indicate a process of
accretion from small cool masses. Television reconnaissance
can also be used to select a location for the first soft lunar
landing, and to obtain information concerning the nature of the
surface.

Once a soft landing is feasible, instruments such as the
seismograph can be placed on the lunar surface to detect moon
quakes produced internally or by metorite impact. A gravimeter
can measure minute changes in the lunar shape produced by the
earth and sun, thus measuring the elasticity and viscosity of
the moon's interior. Measurement of the surface heat flow and
radioacti&ity would fix the temperature history of the moon within
narrov limits, thereby further defining its mode of initial formation.

Again we f£ind a coherent pattern in our search for the origin
of the universe. Experiments on the interaction between radiation
and matter)on relativity theory, and on gravity, lead to an under-

standing of the working of the universe today. Exploration of the
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moon and planets, together with observations of the sun and the
rest of the universe, will help determine how the universe began
and how its stars and planets were formed. All of these diverse
activities and many others contribute to the one great inspiring
objective: ¢{o understand the universe of which man is such an
infinitestimal, but important, part.

One of the most exc¢iting possibilities of space research
is the opportunity to search for life outside of the earth and
its atmosphere. Were one to discover life forms on another
planet like Mars or Venus, the philosophical implications would
be tremendous. Working on the earth and in the laboratory, the
bioscientist has progressed toward an understanding of how material
life may have formed on earth. Our understanding of the origin
of life might make gigantic strides forward if we could discover
and study, at the same time, different life forms that have
developed and currently exist under different conditions.

The primitive atmospheres of Venus and Mars were doubtlessly
similar to ours, but not identical with it, and the development
of life on these planets, if it did occur, may be presumed to

have proceeded along somewhat different lines.
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The practical consequences of this research of planetary
biology will require a longsr time to develop, because the
acquisition and interpretation of the basic facts are both
very difficult. But in the long run, such research can be
expected to have a greater influerce on human welfare than
any other area of the space sciences program. Most diseases
today are regarded as essentially metabolic, that is, as due
to aberrations in the normal pattern of molecular interactions.
It is precisely these interactions which we hope to understand
better through our blological studies of other planets.

Mars and Venus are the solar planets, other than the earxth,
which appear to offer the greatest probability of the develop-
ment of life. The manned larndings required for thorough
exploration of these planets will not be possible for many
years to come. Meanwhile, a progressive program of instru-
mented planetary explorations will be undertsken as rapidly as
tle necessarily sophisticated guidance, communications, and soft
landing techniques become available.

At present, balloons capasble of 1lifting heavy infrared
spectroscopes to altitudes of ter to twenty miles above the
earth can acquire valuable information on Venus and Mars
atmospheric constituents and on the nature of some Martian
surface compounds. During 1959, ar Office of Naval Research
sponsored experiment discovered water vapor in the atmosphere
of Venus. Early space probes will develop long range com-
munications techniques, measure the characteristics of the
interplanetary environment, and observe those features of the
planets, such as their magnetic fields and radiation belts,
which may be expected to extend into space many times the
planetary diameter.

During the past year, as shown in Table 1, a number of
important scientific discoveries have already resulted from the
NASA Space Sciences Program. With regard to the Van Allen

radiation belts, it has been discovered that that the extent
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and intensity, particularly of the outer belt, fluctuates over
a very wide range. These fluctuations show a distinct correla-
tion with activity on the sun, and a complex structure which
varies with time. As usually occurs in scientific research,
such discoveries raise as many or more questions than they
answer.

The last of the Vanguard satellites has disclosed deviations
from their expected values of the earth's magnetic field, and
some fluctuations in the measured magnetic field intensity with
time. Agein, such results ralse questions regarding the sources .
and causes of these deviations and fluctuations. It should also
be recalled that three successful satellites were launched
during the latter half of 1959 and, since six months to a year
is usually required for thorough data analysis, most of these
data will be translated into new discoveries in 1960. If all
goes as plenned, Explorer VII will continue to radio back data
for another nine months.

Several important results also resulted from the NASA sounding
rocket program during 1959 (Table 2). Perhaps the most notable
of these resulted from the Wallops Island launching of rockets
carrying sodium, which was visible over a wide area of the
East Coast. The resultant sodium vapor clouds showed very strong
wind shears at altitudes between 70 and 100 miles, and wind
velocities at slightly higher altitudes in excess of 400 miles
per hour. During 1959, there were also several very successful
tests of new satellite instrumentation for direct measurenents
of the structure of the charged region of the atmosphere which
is called the ionosphere.
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Table 3 summarizes the planned NASA rocket launchings
through the end of fiscal year 1961. Since each sounding
rocket is generally devoted to only one or two scientific
disciplines, it is convenient to divide them according to
their scientific purpose. The planned level of activity of
approximately one hundred sounding rockets per year is only
slightly less than that reached during the pegk of activity
during the eighteen-month International Geophysical Year,
when two hundred sounding rockets were launched by this
country.

During 1959, four scientific satellites were launched
successfully (Teble 4). Two of these utilized the Vanguard
launching vehicle, one the Thor-Able combination, and one the
Juno II vehicle. These launchings completed our participation
in support of the International Geophysical Year by means of
scientific satellite research.

During 1960, the Juno II scientific satellite program
will be completed with the planned launching of four additional
satellites (Table 5). The first and fourth of these missions
represent . follow-on studies to earlier exploratory experiments.
The second and third of these missions are first exploratory
experiments.

The five scientific satellites listed in Table 6 are planned
to be lasunched with the use of the Thor-Delta vehicle system over
the next two years. The last three of these missions represent
first exploratory satellite experiments in their respective
scientific fields, and will be launched in orbits across the

polar regions.
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By Fiscal Year 1962, it is expected that the solid-propellant
Scout satellite launching vehicle will have been developed for
routine use in the scientific satellite program. This vehicle
will be put to frequent use in support of our international
cooperative program in space sciences {(Table 7). Like the Delta
satellite system, most of the Scout scientific satelliteswill be launched
in orbits over the earth's polar regions, with the exception of
those satellites primarily devoted to the astroncmical program.

The satellites which have been discussed thus far are all
limited to nmaximum payload weights cf the order of a few hundred
pounds. Beginning in 1962, the Atlas-Agena and Thor-Agena vehicle
systems will be capable cf placing into orbit scientific satellites
weighing 1000 pounds and more. Two such satellites are planned to
be launched into orbits over the polar regions of the earth for
various geophysical studies, as shown in Table 8. A Thor-Agena
satellite will be used in a relatively low altitude orbit of several
hundred miles, while an Atlas-Agena will be used in a highly eccentric
orbit reaching many tens of thousands of miles from the earth's sur-
fact at its highest point. The other two Agena satellites will be
launched into orbits of relatively low inclination to the equator,
one to correlate relations betwsern solar activity and phenomens in
the earth's atmosphere, and the other to make astronomical observa-
tions using a highly precise stabilized astronomical platform. This
last satellite will weigh several tons.

During 1959, the first Urited States space probe to escape the

earth’s gravitational control and geo intc orbit about the sun was
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launched on March 3. This paylcad produced valuable information
regarding the radiation belts, and was tracked to a distance of
407,000 miles from the earth (Table 9).

During the next twe years, in addition to their use in the
sclentific satellite program, four Scout vehicles will be used to
launch scientific probes which are intended to reach altitudes of
from 5000 to 10,000 miles. These probes are listed in Table 10.

These comparatively shor?-range Scout probes which fall back
to the earth should be distinguished from the longer-range lunar
and interplanetary prcbes which are scheduled during the same time
period, as shown in Table 11l. Initially, relatively light-weight
space probes will utilize the Thor and Atlas boosters with the Able
and Delta upper-stage systems, for preliminary research on the inter-
planetary enviromment and for tests of long-range communications.
Beginning in 1961, the heavier Aftlas-Agena system will also be
available for this important progrem. The first two Atlas-Agenas
will be used for the twin purposes of neasuring the interplanetary
environment and for developing the necessary technology for more
advanced missions. The last three of these vehicles will concentrate
on the measurement of the surface properties of the moon.

In Fiscal Year 1963, using the Atlzs—based Centaur vehicle
system, we will be ready for our first atiempted orbit toward the
planets Venus and Mars. The objectives of technological development
for later, more advanced missions ard an investigation of both the
planetary and interplanetary enviromment will be served by these

missions.
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In surmary, the space sciences program over the next several
year Will include approximately one hundred sounding rockeus per
year, some nine satellites and Scoubt probes, and spproxinately
four deep space probes for lunar and planetary explorations
(Table 12). Nearly half of the requested funding in the space
sciences area will be devoted to luner and planetary explorations,
while the sounding rocket program will reguire less than ten per-

cent of the total (Table 13).



TABLE 1

RECENT DISCOVERIES IN SPACE SCIENCES

Area Discovery Questions Raised
ter belt extent and intensity fluctuates Causes
Radiation Belts Correiation with solar activity Mechanism
Complex structure Explanstion
. . eviations from expected values Source
Magretic Field {Fluctuations with time Causes

Upper Atmosphere Very strong wind shears at 70-100 miles Cause



Date

August

September

Novembex

TABLE 2

SCIENTIFIC SOUNDINCG ROCKET LAUNCHINGS --

1999

Vehicle

Nike-Asp

Aerobee-150
(2 rockets)

Nike-Asp

Experiment

Sodium Vapor, dawan

Jorosphere Measurements
Tastrument Development

Sodium vapor, twilight

Comment

High winds, 400-500 knots,
150 kilometers

Successful tests of new
satellite instrumentation,
new ionospheric data

Powerful wind shears around
110 kilometers



TABLE 3

SOUNDING ROCKETS

FY 60 __FY 61

QUARTERS .3 L 1_! 2 3 L
ATMOSPHERE, 3 b L I L 3 3
SYNOPTIC ATMOSPHERE 2 2 9 }‘ 9 & 6
IONOSPHERE 2 2 2 | 2 2 2
ENERGETIC PARTICLES 2 6 2 7 I 3 2
MAGNETIC FIELD -~1 5 1 -- 2 3
ASTRONOMY | 6 8 8 8 6 8
_SPECIAL 10 3 3 1 2 2

TOTAL 2 | 30 29 } 25 | 24 | 24




Name

Vanguard II

Explorer VI

Vanguard III

Explorer VII

Monih

February

August

September

October

TABLE L

SCIENTIFIC SATELLITES - 1959

Vehicle
Vanguard

Thor-Able

Vanguard

Juno II

Experiments
Cloud Cover
Radiation belt, magnetic field,
micrometeorite, radio propagation,
c¢loud cover

Magnetic field, solar ¥X-rays

Composite Radiation



FY
60
61
61
61

TABLE 5

JUNO II SCIENTIFIC SATELLITES

Quarter
(3)
(1)
(2)
(2)

Mission
Radiation Belt Studies
Ionosphere Properties
Gamma. and Cosmic Rays

Jonosphere Beacon



FY (Quarter)
61 (2)

61 (3)

62 -

62 -

62

TABIE 6

DELTA SCIENTIFIC SATELLITES

Solar Spectroscopy
Radiation Belt Studies
Atmospheric Structure
Geodetic Flashing Light

Ionosphere Topside Sounder
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62
62
62
63
63

TABLE 7

SCOUT SCIENTIFIC SATELLITES

Mission
International
Polar Ionosphere Studies
International
Polar Radiation Studies
International

Polar Atmospheric Structure
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63
63
63

TABLE 8

AGENA SCIENTIFIC SATELLITE

Booster
Thor
Atlas
Thor

Atlas

Mission

Polar Geophysics
Geophysical Observatory
Sun-Earth Relations

Astronomical Observatory



TABLE 9

SPACE PROBE - 1959

Pioneer IV

March 3

Juno II Vehicle

Energetic Particles Experiment

Communications Tests ‘

Tracked for 82 Hours to a Distance of 407,000 Miles

Now in Orbit About the Sun
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61
61
62

TABLE 10

SCOUT SCIENTIFIC PROBES

Tonosphere Structﬁre »
Nuclear Emulsion Recdvery
Ionosphere Structure .

Outer Atmosphere Winds



FY (Quarter)
€0 (3)

61 (1)

61 (2)

61 (2)

61. (&)

62 -

62 -

62 -

62 -

TABLE 11

LUNAR AND INTERPLANETARY PROBES

Vehicle

Thor-Able

Atlas-Able
Atlas-Able

Delta

Atlas-Agena
Atlas-Agena
Atlas-Agena
Atlas-Agena

Atlas-Agena

;

Mission
Interplanetary Enviromment and Communications
Tests
Lunar Orbiters
Interplanetary Plasma and Field

Interplanetary Environment Tzchnological
Development

Lunar Surface Properties



SPACE SCIENCES VEHICLE SUMMARY

TABLE 12

Sounding Rockets
Scientific Satellites and Scout Probes

Lunar and Planetary Explorations

¥ Includes 3 in orbit

*% Includes one launch failure

FY €0

55
T

%%

FY 61 FY 62
102
9 9
L L



Sounding Rockets
Scientific Satellites
Lunar and Planetary Explorations

TOT AL

TABLE 13

SPACE SCIENCES BUDGET SUMMARY

(In Millions of Dollars)

FY 59
3.9
21.3

30.2
55.4

FY 60
8.8
22.8
9.0

80.6

FY 61

8.0
417
15.0
94.7



B FOR RELEASE UPON
S PRESENTATION

Statement of Pichurd ¥. Horner, Associste Adwministrator
National Acronautics and Space Administration
before House Committee on Science and Astronautics

My, Chr i and Members of the {ommittee:

It is my purpose to extend the remarks of the Administrator and
Pr. Dryden by discussing with you the Ten-Year Plzn of progrum activity
in space experiments that we have develosped, and relate to it the
financial resources that we are currently using and those we are
requesting authorization for at this time. I will also set forth
our other resources in terms of the organization, personnel, and
facilities that are essentisl to the implementztion of the space
effort.

You realize, of course, that during the last sixteen months
all of our planning has proceeded simultineously with our efforts
to create a functioning org:nization and the initiation of major
scientific and developmental programs. It will appear obvious to
you, I am sure, that whereas our plans reflect the lessons of our
intensive recent experience their extrapolation into the future
becomes more Esgqoug as the years become more distant. And, of course,
any planning which must be‘gipported by fiscal year budgets beyond the
one currently under request for authorization must, of necessity, be
recognized as dependent upon the many and various influences of Govern-
ment operations in the future. In addition, and completely aside
from the relative brevity of our experience and the uncertainty of

financial resources that might be available in the future, there must

also be taken into consideration the well recognized fact that the nature



and depth of future research :snd development efforts in any complex
technical field are heavily dependent upon the character of prior
accomplishments. Stated simply, cur successes or miscues of this ye;r
will have a commanding influence on the integrity of our plan for next
year.

Havingmg¥plained the uncertainties of a long term plan, I will now
turn to ihe reasons for ha#ing one. Virtually all of our key programs
presume a scheduled progress in launch webicle and spacecraft develop-
ment. These major developmental tasks frequently require time periods
of five to six years for completisn and can be substantially longer
under given circumstances ¢of technocloegical progress and resource
availability. Thus, although the usefuiness of highly tentative

plans might be Guestic¢ued, long-term objectives, on the order of ten

years in advance of today’s program, are essential to keep our develop-
ment activities properiy focused, The actions we initiate this year
and next in the vehicle development progrom will have a determining
influence on our capabilities for meecting national objectives in the
last half of this decade and even beyond. Accordingly, we have
developed a Ten-Year Plan, one which we expect to modify from year

to year on the basis of realized experience, development progress,j
and resource avgilobility. It is fosaulsted nround the requirement

that its implementation must so utiiize the renources of the United

States that our national role as 2 leader in the aeronautical and
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space sciences and their technologies is preserved and steadily enhanced.
We have also assumed that a steady growth in the scale and intensity of
our efforts, especially for the next five years, is an essential basis
for consistent and fruitful efforts in meeting this requirement.

The initial step in constructing the plan was a projection of
attainable growth in our capability to launch into the space environ-
ment spacecraft of increasing size, versatility, and techmical
sophistication. The first chart shows the anticipated growth in space-
craft weight from year to year during this ten-~year period. Here I
need to define sgﬁgggrafgkgs that portion of the vehicle, including
the propulsion and attitude controls and guidance units for maneuvering,
which is designed to be placed into orbit about the earth or onto a
departure trajectory departing from the earth. For the purposes of
comparison, on this chart the capabilities of launch vehicles are
measured in terms of the weight that can be projected into a low
altitude earth orbit of about 300 miles. You will note that the
increasing capabilities in the early years come through the successive
utilization of the Thor-Agena B, the Atlas-Agena B, and the
Atlas-Centaur.

In the 1963-1967 time period, our increasing capability will be
primarily attributable to the use of the Saturm first stage and suc-
cessively improved upper stages based on employment of liquid hydrogen

and liquid oxygen. You will note that by 1967 we will have gained the
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capability of placing payload weights in low earth orbits of about

twenty-five times the megnitude of those available today. I hasten
to emphasize that the requirement for payloads of these weights in
such orbits is limited, but remind you that 1 am using this figure

as a convenient ccmpariscn ard the increasing performance represented
will be necessary to project needed payloads on more difficult
missions to the plaﬁts and to high carth orbits. The rate of growth
indicated here is consisteant with our foreseem potential for techno-
logical progress and is attainable provided adequate resources are
applied. It is clearly necessary if the vigorous program which will
attain national objectives is to be implemented.

To further define the fromework of this plan, I would like to
consider now our projected launching schedule which is illustrated
here in the general terms of the numbers of each vehicle launching
which occurs in the next six quarters and for each fiscal year
thereafter during the deczde, You will note that in fiscal year 1962
and beyond, the present variety of first stage launch vehicle types
will be reduced to one solid propellant rockei, the Scout, and three
liquid propellant rockets, the Thor, the Atlas, and the Saturn. This
number might very well be reduced further by eliminating Thor wvehicles
earlier than is indicated in this chart. The Agena B and the Centaur

will become our utility second stages until larger high energy upper



stages come into use on the faturn in the time period fiscal year 1965
and beyond. This restriction of the number of vehicle types is
planu:d in the interest of increasing reliability through more
intensive experience with each of a limited number of systems.

Beyond the capability of the Saturn series of vehicles, we have
provided for the introduction of a vehicle, the Nova, with four

to six times the first stage thrust based upon the one and one-half
millien pound F-1 engine currently under development. We foresee

the beginning of development testing on such a vehicle in 1968,

Our total launching and space flight capabilities are being
developed to the point where it is anticipated that a program of
more than two launches per month will be conducted for major applica-
tion and exploration missions in space.

The spacecraft capacity and the planned launching schedule are
both a prerequisite for and a product of the intended missions to be
accomplished. The interplay between such schedules is obvious in
this next table of mission target dates. In some respects this
listing might be considered a key indication of the prOposeq rate
and scale of our space experimentation effort., Again it is apparent
that the year which is immediately ahead of us is subject to more

definitive planning than succeeding years and the activities of the

latter part of the decade can only be characterized by the most
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outstanding of planned objectives. Needless to say there are many
space experiments of real significance which do not appear on this
listing and the "first launching” terminolegy generally indicates im
each instance a beginning of a series of space vehicle operationms.

In the current year is reflected the begimning of tests of several
vehicle development programs as well as the first orbital experiments
in both meteorology and communications. You will also note the
scheduleq first suborbital flight of an astronaut, boosted more

than 100 miles into space with a Redstone vehicle., In the calendar
year 1961 we are working toward the launching of a sophisticated
lunar impact vehicle and a further step forward in our vehicle
development program with the initiation of flight tests on the
Centaur,

Assuming continued success in the complex schedule of tests
for Project Mercury, the first orbital flight of a manned space
vehicle will also occur in calendar year 1961. From there we go
through the ten-year period with a comprehensive program of
exploration of the moon and the neaf planef;w#nd developing the /!
Saturn launch vehicle to provide necessary information and
capability for the beginning of manned circumlumar flight in the

latter part of the decade. It appears to be clear, from a careful

analysis of launch vehicle.requirements as we now understand them,
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~nd information yet to be developed that a manned landing on the moon )
will €211 in rhe time peried bevond 1970, ‘these are the major
#llostenes fa our leng vrnge plua for space exploration and the
application ef space vehicles,

Let us look now at the resources which our studies to date
indicate to be essential for meeting these objectives. Before I
turn to a specific censideration of our current budget authoriza-
tion request, I would like to make a few generalized comments about
future year financial requirements. The many uncertainties related
to a complex technological program such as the one with which we
are dealing ~- unanticipated scientific advances -- developmental
difficulties, as well as the even more obscure influences of national
financial policies and economic trends as a whole -- make specific
predictions as to total requirements for fiscal year 1962 and beyond
speculative to the point of being worthless. However, it can be
said that in view of the half billion dollar obligation rate during
the current year and the proposed $802 qil}ion program for.fiscal
year 1961 it is likely that a natural gsgéfh.of t&é AéveIOpnents
now under way will lead to a budget request of wmore than one billion
dollars in the following year with a growth to more than one and one-half

billion dollars a few years later.
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Now, if I may, I would like to turn to our authorization request
for new obligating authority in fiscal year 1961. As I have already
mentioned the total request amounts to $802 milliomn. It is divided
into three major functional areas of our activities as shown on this
chart. For salaries and expenses there is allocated $167,560,000.
These are the total charges for travel, communications and utilities
as well as salaries and other miscellaneous personnel expenses.

For research and development the figure is $545,153,000. From this
account all project activity is supported, including purchase of
materials and parts, as well as disbursements for development
contracting. Of course, our investment for research grants and
contracts is also provided for in this figure. You will note that
this category of funds constitutes substantially more tham two-thirds

g———’\—
of our total budget request. The members of the NASA staff who

e T
o

follow me will discuss in detail the individual development programs
which are supported with funds from this area.

The third kind of budget authority we seek is that for comstruc-
tion and equipment in the amount of $89,287,000. This money is used
to create new facilities for the accommodation of the chamging
research and development requirements. It is the minimum essential
investment to provide the pressing needs for our essential im-house

project activity as well as laboratory and test facilities for the
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supporting reserrch so esuential as the foundatioa for our entire
program. Although the National Aeronautics and Space Administration
inherited a substantial complex of excellent facilities at the
existing N:CA laboratories, the space exploration program demands

a continuing investment to modernize and convert existing facilities E%
P

as the requirements evolve, and comstruct entirely new facilities
whe;e‘new ézchnicéi disciplines in research or testing must be.
covered.

0f the curremt request, 25 percent is for provision of facilities
at our research centers to make possible the comtinuing supporting
research progrem decscribed to you by Dr. Bryden. The balance of the
facilities regue=ted are directly in support of space experimentationm,
wost of it at the three space flight centers and t?g Cape Canaveral
launch site. You may find it desirasble to develop additional informa-
tion concerning individusl facilities. We will be happy to respond
Lo your questions a2x you zee fit.

7o properly consider the budget request of the curremt year;\\\\
it iy interestiuz to crmp-re it with the resources provided in past//
years. This chuact provides 2n easy comparison of the magnitude ofl
the NASA progrzms in fiscal years 1959, 1960, aﬁﬁw}?ﬁz. As indicated

the fiscal year 1960 nuasber will be increased by $23 williom if the

Congress seeg fit to gront our current reguest for supplemental
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appropriations. As I have indicated previously, the budget figures
indicate a rapidly(gxpmnding program. The rate of expansion, however,
is nogrgupa;ural grouthvofvthe needs of the development program, since,
in each of the last two years, substantial new responsibilities have
been assigned to NASA as our national spuce effort has been identified
and organized. For example, during the past year, the assignment of
development respon:ibility for super booster:z hag resulted in a

major addition to our fund requirements.

This rapid rate of growth has extended onur mznagement capability
to the limit of its capscity, FExtra hourz and cdded asgignments have
become the rule of canduct for our staffs both at the Washington
Headquarters and a2t the field center:. We have, however, been able
to substantially maintain the work schedules and, if occasional
development failures bring zevere dizappoiatment, they slso bring
added determinotion ¢n the part of all, to bring success to the
highly diverzified and broadly c2st program we have initiated. In
the area of finmancial management you will be interested to know that
substantially all of the money appropriated for program support in
fiscal year 1959 has been obligated to project activity. The
program implementation performance has been equally satisfactory
during the currert fiscal year with funds being committed at the
scheduled rate. I would like to assure you that this iz not just a

procexs of commiting fuads a3z the schedule dictates but each
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contract and procurement action is the result of a carefully comsidered
analysis usually based on extensive scientific study and program
correlation,

I would like to turn now to a consideration of other categories

of resources which are essential to our program implementationm.

™
AN

These include organization, facilities, and manpower. As you know,

\

the overall complex of our organizational structure has been created

largely by the integration of existing crganizations amd parts of Mf///
organizations into the present Natiemal Aeromautics and Space )
Administration. The nucleus was provided by the 8,040 staff members
of the laboratories and the headquarters of the NACA. To this were
added 400 nembers fro- the Vanguard team, transferred from the Naval
Research Laboratorye Seven hundred new positions were provided inm
the first fiscal year, and an additional 700 im the current fiscal
year to round out the staff and provide technical amd sciemntific
skills that were not preseat im the older laboratories but are
required for this new business of space exploration. The propesed
budget program reflects an additional increase to a total stremgth
of 16,373 in the Administration, but here agaim almost 90 percent

;

of the imcrease results from the assimilation of a simgle group, /
that of the Huntsville, Alabama, agency, under the leadership o [
Dr. von Braun. The remaining fractien of the growth is needed to

balance the skills of the organizatiom and te properly effect the
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integration. In this process of rapidly assembling existing groups
into a coherent and effective organization, while concurrently )
developing a complex program of unusually high sciemtific amd
technical content, and at the same time carefully interlacing

and coordinating our efforts with other Govermmental, scientific,
and industrial organizatioms, it has been understamdably necessary
to increase our Headquarters staff. We recognize that at least
part of the work burder at the Headquarters is imterim in nature and
we therefore strongly resisted expanding beyond what we foresee as
the longer ter-’needs of a more stable organization and program
growth. The net result, as I mentioned earlier, has been long

hours in cqncerted effort by most of our staff. We scarcely see
how §;“§o-1d have accomplished our objectives, without the staff

b

growth that has been realized nor can we anticipate proper perform-

ance with less than the stated requirements in the budget authoriza-

tion under comsideratiom.

With the added work lead of the recent assigument of /
responsibility for developmeat of super boosters, anm addition';o
the Headquargers staff is required. Recognizing the absolute
essentiality of attaining the best possible launch vehicle perform-
ance in terms of timely availability of load lifting capacity,

and paying respect to the resultiag need for reducing the number of
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types of launch vehicles in order to ogfinize reliability, the staff
function of directing launch vehicle development and operatioms has
been separated from the balance of the space flight programs. This
has resulted in the functional staff organization at Headquarters

as we see on this chart, Aside from the Office of the Administrator
and the special staff offices he requires, the foqr functional staff
elements now include the Office of Business Administration, the Office
of Advanced Research Programs, the Office of Space Flight Programs,
and the new Office of Launch Vehicle Programs. The total staff
strength intended is 16,373 people. [Egris the policy of the Administra-
tion to delegate all rezponsibility for program implementation and
detailed program initiation to the field centers/ Functional areas
of responsibility have been assigned to each of the centers, and 1
believe it is worthwhile to discuss each of them briefly.

You may note their geographic location on the large map at my
left and their channel of conunnicatioﬁ and responsibility to the
Headquarters staff is indicated on this chart.

The Langley, Lewis, Ames and Flight Research Cemters are the
laboratory centers which comstituted the research capability of the
National Advisory Committee for Aereomautics. Orgamizationally amd

for program imtegration purposes they report to the Office of Advanced

Research Programs in the Headquarters. Although their individual
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staff levels have beern stabilized for the past few years and the
proposed staff strengths for fiscal year 1961 exactly coincide with

the fiscal year 1960 staff aumbers, the program of work at each of

these cenmters has umdergone a major change in the past ome and oneQ/
half years. Whereas, by far the bulk of the work of twe years ago
was oriented toward the current and advanced needs of aeromautical
developments, the combination of significantly reduced numbers of
aircraft development projects in the United States and the needs
for research in support of the space flight program have rapidly
shiitgd the‘e-phasis of research efforts at the centers ;;WZAe
astronautics end of the spectrum. This change has resulted in sub-
stantial problems for our research ceater staffs im reorganizing
and retraining for the mew tasks, hiring im new techmical disciplines
as the effort in areas of waning interest is decreased, the modifica-
tion of old facilities and the creatien of new to accommodate the
new research regimes. This reoriemtation is progressing at a very
SRS
satisfactory rate.

Having explained some of the preblems of Efgfignting the in-house
research pregram, I would now like to emphasize that aiﬁﬁéugﬁ the total
effort in aeronautics has ngrkgdly dgcreased there is still very
important work being comducted in this research area. The very low

speed regime of flight is being extemsively investigated in wind

tunnels and by actual flight tests to explere the possibilities of
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vertical take-off and landing craft as well as those which have
very short take-off and landing characteristics. As long as there
is a continuing interest in the Department of Defense and the poz-
sibility of industrial application there are likely to be continuing
research requirements in this area.

At the other end of the spectrum of flight within the atmosphere,
there are still challenging research problems to be solved in comnec-
tion with supersonic and hypersonic flight. Of course many of the
hypersonic flight problems are equally applicable to space vehicles,
for the departure and re-entry phases of flight from and to the earth,
The work in high speed aerodynamics, materials and aircraft operating
problems are, however, some areas in which there is continuing
interest for development of high speed military aircraft and missiles,
and possible application to supersonic commercial tramsports. Further,
the NASA facilities stand ready to support specific applied research
should additional developments of high speed aircraft indicate the
requirement.

Now let us look briefly at the imdividual centers. At the
Langley Research Center a staff of 3,220 will conduct the research
program in fiscal year 1961 at a total program cost of approximately
$50,000,000. This includes the salaries for the total staff, the
research and development expemses, and the cost of a major facility

addition which will be able to simulate the gas temperatures and
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velocities which will be encountered by z space vehicle returming to
the earth’s atmosphere, o facility which is essemtial te the solutiom
of key problems in our onwgoing program. Major areas of work at the
Langley Research Center imclude research in structures and materials,
the aerodynamics of re-emtry vehicles, continuing work in aireraft
aerodynamics and fundamental regearch im plasms physics. Thiz center,
which you will see from the map, is located near Hampton, Virginia,
and is the oldest and the largest of the research establishments.

A major portion of the research facilities, which comstitute a
total real imvestment of $154,000,000, are shown in this photograph.

The Lewis Research Center, locuted at Cleveland, Ohie, repre-
ents a facility investment of $148,000,000 and employ:z a staff of
2,736 people. An aerial view of the facilities of the center are
| shown in this photograph. 1Its primary r?search misgsion is investii;:\:>
tion related to propulsiom. Research programs are now active on
chemical rockets with emphasis on high emergy propellants, on nuclexr
rockets, and om electrical propulsion devices. Electrical power
generation iam support of this latter area of propulsion research
also requires major attentiom from the cemter.

At the Ames Research Canter, im the Santa Clara Valley of
Califormia, om the Moffett Naval Air Station, a staff of 1,440
conducts a comprehensive research program in facilities with amn
original comstructiom value of $107,000,000. Am aerisl view of
these facilities is showm im this photograph. The primcipal areas
of work are space environmental physics, including simulation

techniques;, gas dynamics research at extreme speeds, and automatic
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stabilization, guidance and control of space vehicles. There are
also under experimental evaluation at this center several full scale
models of vertical take-off and landing craft.

The Flight Research Center at Edwards, California, is a relatively
small but unique and highly specialized facility, shown in this
photograph. On the edge of Rogers Dry Lake, it takes advantage of
this 75 square mile flat surface as an ideal testing ground of
research aircraft.: Four hung;éé sixteen staff members are currently |
concentrating most of their efforts on the flight evaluation of the
X-15. A limited number of flights have already been conducted by
the contractor's flight crew. It is anticipated that center
personnel will shortly begin the flight research program wherein
the pilot will be propelled substantially above the earth's
atmosphere and experience the characteristics of space flight for
durations of a few minutes. The coming year should be of high

interest in this project if the program goes as expected.

e

In the space flight side of the program there are three majoér ‘5
research and development centers at work and\three‘locations in ) |
which we have varying levels of investment for purposes of launching
space vehicles. In research and development activities, as I have
already indicated, we have divided the work into two categories—-

launch vehicle development and operations on the one hand, and

spacecraft development and operations on the other.
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Two centers are primerily emgaged in spacecraft development and,
again, a functional division in the work haes provided to the Godderd
Space Flight Center the primsry responsibility for those projects
concerned with earth orbiting craft both im their development and
operation as well as supporting resesrch and test &s necesssry for
the mission. It is at this center that the Vanguard team served
as a nucleus for a staff which is projected to grow umtil it numbers
2,000 with the proposed fiscel year 1961 budget authorizatiom. The
staff is currently housed in several differemt locations iﬁnthe
Washington area and at the Langley Resgerch Center. However, the
badly needed space research faciiities for this center are under
construction at Greénbelt, Maryland, znd the first of these will become
available for beneficial occupancy by the middle of this summer. The
satellite and éounding rocket program, the msnner space flight program,
and the applicatiom of space vehicles, imcludimg passive communica-
tions and meteorclogy, are the major program elements of this center.
Following witnesses will discuss these progrems im detail, &nd point
out accomplishments to date.
development is assigned to the Jet Propulsion Laboratoxy at Pasadens,
California. It is the exploration of deep space, imcluding the lumar
and interplanetary flights. This Laboratory is employed in our
program through the medium of & comtract with the Califormia Institute

of Technology. The staff at the present time totals approximately
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2700 people, including several hundred currently engaged in the sys<
tems engineering of an Army weapon, the Sergeant ballistic missile.
As the activity on this weapon system is phased out, we expect

some decrease in the total staff size, but our present plang in-
dicate that a stable requirement will persist for about 2400

people. An aerial view of the facilities which the Laboratory
occupies in the foothills of the Sierra Madre is shown.

It is in the area of work of this organization that one becomes
most impressed with the extreme complexity of the spacecraft which
must be created to carry out the interesting missions in lunar and
interplanetary exploration. As I have indicated earlier, our
program anticipates a major flight experiment of this kind at
approximately three month intervals in the time period affected by
our proposed budget. A vast amount of creative engineering is a
prerequisite to each flight, and the data analysis of the quantities
of information recorded also represents a tremendous task. It is
clear that this work will require a major fraction of our resources
in the years to come.

It is appropriate to divert here a moment and explain a principle
of our program formulation in this area. The question of back-up
vehicles for specific experiments has arisen frequently. This has
indeed been a cogent question during the early days of our program
vhen improvisation has been common and individual space flights have
been somewhat loosely related in the fabric of our entire effort.

It i8 our objective, however, to plan our experiments in each of the

major program areas as a coherent and integrated effort. Each
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major experiment will be carefully related to the overall program
objectives, based upon the results of previous flights, and
generally increasing in sophistication as time progresses. Many

of the spacecraft will in themselves be related through the use

of common structural frames, power supplies, and instrumentation.
There will also be many which, tho differing in their performance
objectives, use launch vehicles of the same type. In such a pro-
gram the best utilization of our resources is not realized by
providing back-up boosters for each payload. Rather, it should

be considered that a launch is scheduled periodically, in this

case each three months, and if a catastrophic failure is experienced
with any one launch then a determination can be made at that time

as to whether a similar spacecraft should be flown on the next
scheduled vehicle. The need for extensive ground testing of all
spacecraft requires that spare devices be produced in each case.

It is therefore possible to assemble an additionalspacecraft to
replace a failure on reasonably short notice. Thisg, 1 would emphasize,
is a principle used in the formulation of our program. Like all
such principles, it is occasionally desirable to consciously violate
it where unique program requirements prevail. Thus our program is
under constant surveillance to identify specific flights where a
back-up vehicle would be advisable and in these cases one is

provided.
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The launch vehicle development and operation task is assigned
to the NASA Huntsvill;_Facility. I know you are all aware that the
decision to transfer this facility to NASA was taken recently, and
the plan to carry out this decision is currently before the Congress.
It provides for a transfer of 5500 people under the leadership of
Dr. von Braun. The development facilities wﬁich will also be
transferred had an original investment cost of approximately
$100,000,000. The m#jor project activity of the group at the presemt
time i8, and for some time will be, the development of the Saturn
booster and the integration of the upper stages. Dr. von Braun will
provide the committee with a detailed briefing on this project.
There are also numerous other activities at this center, including
work on several Army missile systems, which will be carried on in
accordance with the agreements we have made with the Department of
Defense.

As I previously indicated, the responsibility for launch
vehicle operation as well as development comes under the von Braun
group. For this purpose a missile firing laboratory is maintained
at the Atlantic Missile Range at Cape Canaveral, Florida, which
will supervige all NASA vehicle launchings from that site and will

actually carry out the launching of vehicles developed at Huntsville.
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In the time period pertinent to this budget authorization request
we will also have some space flight operations from the Pacific
Missile Range. We plan to launch from this location all spacecraft
which require Polar orbits. Although the launch operations will
be carried out largely by contract, a small group of NASA technical
and administrative liaison people will be located at the site.

At Wallops Island, off the Virginia coast, we have a small
launching service organization which conducts the numerous launch-
ings of our sounding rocket program and the solid propellant
orbital vehicle which we will bring into service during the current
calendar year. A staff of 300 people operates a facility valued
at $18,000,000 which is shown in this aerial photograph. The work
is largely in response to the needs of the sounding rocket and
satellite program.

To round out the organizational picture, as shown in the lower
lefthand corner of the chart, is the Western Operations Office.
This office is established in Santa Monica, California, with a
staff of about 40 people. 1ts function is to perform liaison with
the many development contractors engaged in our program and to
carry out contract administration as required. The existence of

this office greatly reduces the requirement for travel to this area

by personnel of the Headquarters and various other centers.
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Mr. Chairman, I would like to turn for just a brief period to
another subject which has been of extreme importance to us and has
occupied a great deal of our attention. This is the matter of our
program coordination with the space efforts of the Department of
Defense. I want to emphasize, first, that we have an excellent
relationsh1p with the Military Departments and the Office of the
Secretary of Defense. Program correlation and project coordination
is thorough and compatible with our needs, as I believe it is with
the needs of the Department of Defengse. There has been a great
deal of discussion about a single national space program with, I
am afraid, all too little understanding of what is precisely
involved in this term. The nation's space efforts can be discreetly
considered in two major categories. One is space exploration, the
measureﬁent of scientific phenomena in space and on distant bodies,
whether it be by the use of instrument or the human senses. The’
other is the application of spacecraft. Now to insist that there
should be a single national space program might very well be to
insist upon rel#ting such diverse endeavors as meteorology,
international communications, navigation, military reconnaissance,
and space éxploration. They are neither easily relatable nor

sensibly compatible. It is, however, clearly possible to formulate

a national space exploration program, and it is our belief that
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it was the intent of the Congress, as shown by the legislative
history of the National Aeronautics and Space Act of 1958, that
the NASA should indeed formulate such a program and proceed
with its implementation. This we have done.

1 make this point because its recognition is prerequisite
to a workable relationship between the NASA and the Department of
Defense. I have had a chart prepared which I think illustrates
the coordination as it currently exists. A few facts stand out.
Space exploration is the responsibility of NASA. Military applica-
tions is the responsibility of the Department of Defense. Civil
applications is the responsibility of NASA. There are some
applications which are of interest to both military and civil
needs. The underlying research and technical development is
largely useful in both programs and common use can be made of launch
vehicles. Therefore, in the areas of certain applications--launch
vehicle development, and background research and development--
careful coordination is required to assure that full value accrues
in joint utilization of either agency's products. The chart shows
examples of these coordinating devices. Again, I repeat, they
are working well. When undesirable duplication is identified, it
is ‘eliminated and there is tremendous pay-off in the programs of

each for the benefit of the other.
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I appreciate this opportunity, Mr. Chairman and Members of
the Committee, to discuss these several facets of our program with
Many of them I have covered sparsely, and together with my

you.

associates we will be glad to amswer your questions to the best

of our abilities.

NASA Release No. 60-111



Statement of Richard V. Rhode, Assistant Director of Research
(Structures and Materials and Aircraft Operating Problems)
National Aeronautics and Space Administration

before House Committee on Science and Astronautics

Mr. Chairman and Members of the Committee:

Many problems in applied research and technology must be
solved before we can accomplish our future, more advanced space missions.
A great deal of knowledge has to be obtained through the research process
to establish the facts required to make a sound judgement as to the
feasibility of any development project. To proceed with development in
the absence of such knowledge means that we must pin our hopes on
assumptions born of ignorance. This can be an extremely costly process.

In order to illustrate our research activity, let us consider a space
mission designed for manned circumnavigation of the moon. This mission
entails launch and exit from the atmosphere, space flight, orbiting the moon
and exploration of the lunar surface, and finally, return to earth, entry
into the earth's atmosphere and landing. The first phase of this or any
other mission is launch and exit from the atmosphere.

LAUNCH AND EXIT

This manned Lunar mission will require a large main booster, such

as "Saturn", with suitable second stage and other boosters, and a payload

consisting of a spacecraft and re-entry vehicle together with their contents.
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Such a system is large and heavy. The length may be 300 feet and the
weight a million pounds. Because of the great importance of weight,
the structure will be light and flimsy by normal structural standards.
The volume and weight of the fuel will be large. The system will be
balanced on and accelerated by rocket engines having a total thrust

of 1.5 million pounds, and it will be subjected not only to the force

of thrust along the axis, but also to side forces caused by winds and
turbulence and to the corrective sidewise components of thrust from
the gimbaled engines.

With such a system, having large weights and forces and a light
structure, there is a very difficult problem of vibration or system
dynamics.

| One aspect of this problem is the interaction between the control
system and the flexible structure. This aspect, which is called
structural feedback, can be demonstrated by a simple model. The control
system consists of a device sensitive to motion, called a sensor, which
transmits a signal to a control element. Here, the sensor is a simple
accelerometer and the control element is an electro-magnetic device
which causes side forces similar to those caused by gimbaled engines.
When the sensor is moved by hand, the control device also moves and

causes the structure to respond. In practice, the sensor must,
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of course, be located somewhere in the system. Suppose it is
mounted amid ships and the system is disturbed as it might be when
a gust is encountered in flight. The response of the structure is
considerable, and in practice this much vibration would destroy the
vehicle. It does not die out and is therefore called unstable.

The shape of the .axls as it bends back and forth is typical of
a simple bending vibration. Let us see what happens when the sensor
is placed at the nose. Now a more complex form of vibration is
excited. One can readily see that the interaction of a control system
and a flexible structure poses a problem. As previously noted, the
system contains a large mass of fuel, and the demonstration has shown
that vibratory motions will cause the fuel to slosh around in the tanks,
thus setting up additional large and irregular forces.

We have here a short movie sequence showing studies being made
of fuel sloshing in the laboratory. You will first see a transparent tank
with colored fuel reacting to control forces. This will be followed by
a demonstration of the effectivensss of baffling.

The control element here is a gimbaled air jet, simulating the
rocket engine, and located at the bottom of the tank. A suitable baffle
helps to reduce the fuel sloshing.

These and other facets of the booster<system dynamics problem

are being actively studied at our research centers by both experimental
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and mathematical techniques. We will have to continue to do so for some
time to come, because the problems become both more serious and
difficult as the systems become larger.

SPACE FLIGHT

Once the vehicle has been successfully launched into space, many
new problems are encountered. Among them are the hazards of the
space environment, such as meteoroids, and problems of guidance and
attitude control of the spacecraft. Let us consider first the meteoroid
problem.

Meteoroids are megtallic or stony bodies that travel through space
at speeds estimated to range between about 25, 000 and 165, 000 miles
per hour. Some of them are very large, such as those that caused the
craters on the moon, or the one that fell in Arizona centuries ago to
create the well-known meteor crater there. Others are very small.
Fortunately, the large ones are extremely rare--for example, the
surface of the moon has not visibly changed by large-scale meteoroid
impacts since the invention of the telescope. We don't worry about them
any more than you worry about them when you walk down the street.

As the meteoroids become very small, however, the numbers of them
increase to the point where the probability of hits or impacts on a

spacecraft becomes quite high. If there were no atmosphere to burn
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them up, we would all be likely targets for them. These small meteoroids
may be only a few thousandths of an inch in diameter.

Although very small, they can, because of their tremendous speeds,
be very destructive. It has been estimated, for example, that a ball in
space made of aluminum about one yard in diameter and having a thickness
of .005 inch might be punctured as often as once every ten hours or twice
a day. With ten times this thickness, the ball might be punctured once
every 200 days. Obviously, light structures, including tanks and radiators,
will not give satisfactory service over a long period of time without some
protection against meteoroid strikes.

One way to study this problem is to shoot small particles at high
speeds at test specimens and see what happens. We have been doing this
for some time.

This photograph shows two high-speed helium or light-gas guns
developed at our Ames Research Center. Some of you, I understand,
have seen them. They can shoot small balls about 1/16 inch in diameter
as fast as 14, 000 miles per hour. This speed is much faster than a
rifle bullet--a typical military rifle, for example, shoots at about
2000 miles per hour. We can obtain much useful information from
such equipment, because by using relatively large pellets we can obtain
the same impact energy as the smaller meteoroids have. Meanwhile,

we are studying means for shooting smaller particles at speeds within



the meteoroid range.

This chart shows, on the left, the crater made by an actual
meteoroid impact on a sounding rocket. It occurred at about
90, 000 feet altitude within the atmosphere; consequently, the meteoroid
must have been greatly slowed down from its original speed by the
atmosphere above this level. The rocket itself was traveling at only
about 3,000 miles per hour. The impact was therefore much slower
than those we expect to encounter in gpace. Nevertheless, the incident
is of great interest in demonstrating that impacts actually do occur,
and in providing a rough comparison with laboratory impacts.

On the right is a photograph made in an NASA laboratory of an
impact crater made by shooting a small steel ball at a copper target.
You have probably seen such piatures before. This comparison simply
shows the similarity of the two craters--one made by a micrometeoroid
in space--the other by a particle shot from a gun in the laboratory.

One of the possible ways of handling the meteoroid threat is to
build a light shell or "bumper" around the spacecraft. The thought here
is that the particles are going so fast that when they strike the bumper

they will disintegrate before striking the underlying structure. An idea

of the possible effectiveness of such a bumper is shown in the next chart.
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These are results of some studies made with one of the guns shown
in the photograph you just saw.

The figure shows the speed in miles per hour required to just
penetrate the target with 3/16 inch diameter Pyrex balls. We see that
a pellet going at 2, 000 miles per hour will go through a single thick sheet.
But if the sheet is split and separated a bit, it takes a speed of 4,000 mph
to go through. With four layers, again of the same total weight, we can
withstand somewhat greater speed. And if we fill the space between the
bumper and the second sheet with low-density, glass-wool, we see that
particles gd ng as fast as 7, 000 miles per hour will be stopped. These
tests simulate what would happen with meteoroids 1/16 inch diameter at
speeds of about 40, 000 miles per hour--well within the meteoroid speed
range. |

The results and conclusions I have just shown you are based on
laboratory tests, and of necessity contain some assumptions and
approximations. We would like to get some direct and actual data from
real meteoroids. To do this, we plan to send up a test satellite this year
on one of our first Scouts to test out the theories and laboratory results.

This is a 1/b6th scale model of the puncture-experiment satellite.
The short tubes running lengthwise will be made of metal of various

thicknesses, and will contain gas under pressure. When a tube is
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punctured by a meteoroid, the gas will leak out and this occurrence will
be radioed back to earth. In this way, we will get direct information on
how long a structure made of material of different thickness can be
expected to last out in space. In the future, we will get more and more
direct information of the sort that will enable us to design better and
more efficient spacecraft.

Another problem of space flight is that of guidance and attitude
control. I shall review a few aspects of this problem.

Many satellite and other space missions, such as our Lunar mission,
require that the attitude of the spacecraft be maintained or- sta.biliZed.

On this chart are shown some typical requirements of attitude control.
Earth satellites might be required either to continue to point toward the
center of the earth or to continue to point toward a fixed object in space.
Space probes or space ships taking navigation fixes must, in general,
point toward some fixed object in space.

Different missions require different degrees of precision. Earth-
oriented communications and meteorological satellites require relatively
little precision--the attitude need be maintained only within about 8 degrees
for the former, and within about one degree for the latter. Space-oriented

spacecraft however demand a very high degree of precision. Interplanetary

navigation, for example, requires that the attitude be stabilized within
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about .005 degrees, and the astronomical satellite must be stabilized
to the very fine point of .0003 degrees. In order to give some idea of
what this means, .0003 degrees is the angle contained between two
straight lines starting at a point in this room and spreading only 70 feet
apart in San Francisco. |

Spacecraft stabilization systems may differ in the specific means

employed to do the job. All of them, however, must employ mechanisms

of one kind or another to perform the required functions. These functions

are to sight on some reference point, such as the Lunar horizon or a
star; analyze the information from this sighting system or sensor, and
to activate a suitable control device in order to maintain the proper

attitude of the spacecraft.

Here is a simple demonstration model of an attitude control system.

The spacecraft is represented by the turntable, which is free to rotate
just as the spacecraft is free to rotate about any of its axes. The sensor
is a simple photo-electric cell. Its signals actuate the control device,
which in this case, is an inertia wheel that operates on the principle of
conservation of angular momentum. As you see, when the platform is
turning slowly, the light source will stop the rotation and the sensor will
continue to point at the light. All of the mechanism for doing this is

self-contained on the turntable and no external force is applied.
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In order to obtain the required precision, each one of the
functional requirements must be subjected to the research process
such as indicated by the work going on in this laboratory set-up. For
example, if as is likely, the sensor is a light-sensitive mechanism, its
sensitivity and accuracy must be investigated in relation to the wave
lengths available in the light source; some of the wave lengths may have
to be filtered out. Again, control mechanisms of various types must be
investigated to determine the principles best suited to the development
of controls having low power requirements and at the same time high
positioning accuracy. These and many other problems are being
investigated with laboratory equipment such as shown on this chart.

Progress to date indicates that we can achieve an accuracy of
three hundredths of a degree with present laboratory equipment, and
that 1-1/2 hundredths of a degree can be achieved before long. Further
research is obviously required in order to develop the high accuracies
required for space-stabilized systems.

LUNAR EXPLORATION

The third phase of our assumed mission is to circumnavigate the
moon and conduct the necessary exploratory activities. We would expect
the men aboard the spacecraft to be taking moving pictures and television

pictures and, performing other observations. This gets us into the
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question of weightlessness and whether men can perform the required
duties in a gravity-free environment. As this question of zero g has
been touched upon by others, I shall not go into it.

Another aspect of Lunar exploration is the matter of sending
instruments to the Lunar surface and to have them remain intact so
that they can transmit information either back to the spacecraft or to
Earth. To do so requires ejection of a lunar landing system and
instrument package from the spacecraft, arresting its forward motion
and placing it on the moon intact.

In principle, there are several ways in which this can be done.
You are all familiar with proposals that have been made to lower a
suitable container to the Lunar surface by means of retro-rockets,
such as indicated at the left on this chart. This kind of system permits
a soft or easy landing, even in the absence of a lunar atmosphere, and
is the kind of system that will have to be used to place a man or men
safely on the moon. It is complex and heavy. The research problems
involved are common to other apsects of space flight--viz; light-weight
structures, stabilization and control, guidance, throttleable rockets,
et cetera.

Because of the complexity of the soft-landing system, we seek

simpler ways to land instrument packages on the moon. Instruments
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can be made rugged enough to withstand impact accelerations higher
than those suitable for man. Consequently, we can consider systems
that land at rather high speeds, and therefore, do not require all of the
guidance, control and fuel required in a soft-landing system. These
simpler systems do however require means for absorbing the shock

of impact.

Some of the means available for absorbing the impact that are
now being investigated are indicated on the chart. They are crushable
structure, penetration spikes and pneumatic cushions. Of course, in
studying these systems, we must at the moment assume that the hardness
of the Lunar surface is comparable to that of the earth's surface. We
are, however, developing techniques for measuring the hardness of the
Lunar surface, so that when we send a rocket to the moon we will be
able to obtain the desired information. Meanwhile, studies of the energy
absorbing schemes are proceeding.

The crushable-structure concept employs light-weight metal
structures, such as this honeycomb sample. When it is placed between
a heavy object and the surface of impact, it collapses, absorbs energy,
and assumes the shape you see in this second piece.

The penetration spike is a very simple device, but it works only

when the surface of the ground is neither too hard nor too soft. It absorbs
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energy by displacing and compressing the material into which it
penetrates, just as a nail absorbs the energy of a hammer blow.

Both the crushable structure and spike concepts require proper
orientation with respect to the impacted surface. The gas cushion
does not have this limitation. It is therefore, the simplest of all systems
although requiring more research to understand how to design it. In the
case of the gas cushion, the instrument package is suspended in the
center by numerous radial cords. The system falls freely in the Lunar
gravity field because there is no atmosphere. Upon impact the cushion
compresses until the instrument package is brought to rest on the
impacted surface. At this instant, the bag is split to avoid rebound.
Energy is absorbed by compression of the gas, by shock waves generated
in the gas, and by distortion of the bag skin. Gas cushions suitable for
landing instrument packages on the moon might range between 5 and 25
feet or more in diameter, depending on the orbital height and the size
and weight of the instrument package.

Because of the attractive simplicity of the gas cushion, it is
undergoing extensive theoretical and experimental investigation in our
Research Centers. The next chart shows how its efficiency compares

with that of the soft-landing retro-rocket system. Here, the efficiency

of the gas cushion relative to the retro-rocket system is shown plotted
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against payload weight. By payload we now mean only the instrument
package carried by either landing system. In both cases the necessary
auxiliary control and guidance systems have been taken into account.
As can be seen, the gas cushion is superior to the soft-landing retro-
rocket system at the smaller pay-load weights especially in the very small
sizes. At the higher pay-load weights, the choice between the two systems
becomes small and the retro-rocket becomes superior. Even so, the
gas cushion might still be used because of its greater simplicity and
reliability.

Before we are ready for a manned mission to the moon we shall, of
course, be sending unmanned spacecraft there. Here is a model of one
of them that is currently under development by the Jet Propulsion
Laboratory. This spacecraft will weigh about 700 pounds and is intended
to be launched by the Atlas Agena-B. The two folding vanes are solar
energy collectors. The dish-type antenna transmits and receives signals
to and from the earth. The main body of this spacecraft contains attitude
control and navigation equipment, instruments, radio et cetera. At the
top is a capsule that will be separated from the spacecraft proper and

landed safely on the moon.
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The next chart shows the sequence of events. During the early
phases of the flight, injection and mid-course guidance are exerted. .

As the spacecraft approaches the moon, the small capsule is separated
from the main spacecraft and retro-rockets are fired to slow the speed
of the capsule. The main spacecraft crashes and is destroyed. The
small capsule finally lands on the moon, its impact energy is absorbed
by penetration spikes and it goes into operation obtaining data and
transmitting them by radio back to earth.

For soft landings on the moon we must wait for the larger rockets
such as Centaur and Saturn. Soft-landing systems for both of these
vehicles are under study.

RE-ENTRY

The final phase of a manned Lunar circumnavigation mission is
return to earth, re-entry into the earth's atmosphere and landing. The
space-flight problems on the return trip are no different from those on
the outbound trip, with the possible exception that navigational accuracy
is more critical. The problem of re-entry is, however, peculiar to this
phase and is a very serious one. As you know by now, there are two basic
schemes for accomplishing re-entry; (1) the ballistic method with a

non-lifting capsule, and (2) the winged or lifting method.
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Both of these methods have advantages and disadvantages. The
ballistic capsule is simpler and is therefore suitable for a first step
such as Project Mercury. It has the disadvantage, however, of
imposing very high g loads when re-entering at higher-than-earth
orbiting speeds; it also lacks operational flexibility and requires a
~large landing area and an extensive retrieval operation. For these
reasons, lifting capsule and winged re-entry vehicles are under study.

The lifting vehicle, which overcomes the disadvantages of the
ballistic capsule, is more complex and is subject to higher heat loads
and temperatures. Here is a photograph of a lifting vehicle structure
under test at our Langley Research Center. The next chart gives an
idea of where we stand today with respect to our ability to develop and
build winged re-entry vehicles. This current ability has been made
possible by our past research investigations, such as that indicated by
the photograph shown a moment ago.

The chart shows temperature in °F plotted against a time scale
of calendar years. The upper curve labelled "Re-entry Temperature"
shows, by its downward trend, how the state of the art in aerodynamics,
as related to the heating problem, has improved over the past few years.
It represents the structural temperatures that would have been obtained

during re-entry at satellite speed with the best aerodynamic configurations
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we knew how to build at the different periods of time. With the X-15
configuration in 1955, for example, the temperature of the structure
during re-entry at satellite speed would have been 5500°F. As time
and research progressed, we learned how to reduce the heat load, and
therefore, the structural temperatures, by changes in the aerodynamic
configuration. Sharply swept-back arrow-shaped wings, blunt leading
edges and operation at high angles of attack were the key aerodynamic
features resulting in the reduced temperatures indicated on the chart.

In a similar way, the lower curve shows by its rising trend how
the state of the art in structures and materials has improved. This
curve represents the temperatures that could be withstood by structures
that we could have built at each period of time. The X-15 structure,
which we knew how to build in 1955, can withstand a temperature
sgmewhat greater than 1000°F. Obviously, the wide gap between the
two curves in 1950 indicates that we were not ready then to build winged
vehicles for re-entry at satellite speed. The X-15 is not that fast.

A short time ago the two curves came together, so that now the
development of a winged or lifting vehicle for re-entry from satellite
speeds is just barely possible. We have in essence a crude "solution"
which makes possible the construction of a flight research type of vehicle

such as Dyna Soar or the lifting capsule mentioned earlier by Mr. Low.
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Our Lunar mission will require ccnsiderably more research,
as the curves on this next chart indicate. Re-entry from a Lunar
mission is made at substantially greater than satellite speed and the
heat loads are, therefore, much higher. Unfortunately, it does not
appear at present that the reduction in heat input resulting from
improvements in aerodynamic shape will continue at the same rate
as in the past. We must, therefore, look primarily to improvements
in structure and materials to solve this problem at some indefinite
time in the future.

Some progress 1s being made in this area, for example, with
molybdenum. Molybdenum has a high melting point and is attractive
for high-temperature structural applications, provided that we can weld
it or otherwise fabricate it and also keep it from burning up at the high
flight temperatures. This requires application of heat and cxidation-
resistant coatings compatible with the underlying molybdenum. Although
some progress has been made here, the final solution has not yet been
achieved.

This chart shows two structural "sandwich" specimens made of
molybdenum sheet and coated with a commercially available product.
The fact that these specimens were made at all indicates that progress

has been made in learning how to fabricate the material. The specimen
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on the left has not been tested. The one on the right has been subjected

to a temperature of .2700O F in air. Note that on this heated sample

the coating has remained intact except near the welds.

CONCLUSION
To conclude, I have tried to show you something of our advanced
spacecraft research and technology and its meaning. This activity
covers a wide variety of problems relating to launch and exit, space
flight, Lunar and planetary exploration and re-entry into the earth's
atmosphere. Current developments are pushing the present state of
the art, but we are confident that our research activity will point the

way toward safe, reliable and relatively economical space-flight.

NASA Release No. 60-118.




Statement of Dr. Abe Silverstein,
Director of Space Flight Programs, NASA
before House Committee on Science and Astronautics
Mr. Chairman and Members of the Committee:

In testimony before Congress a year ago, the NASA made
a detailed technical presentation of the scope of its proposed
space program. At that time we had only existed as an agency
for a few months. Much of our discussion, therefore, dealt with
future rather than current programs.

We have now had over a year of operating experience. In
this period we have made an aggressive start on the space program
that we described last year. We have already achieved certain
scientific goals. We have clarified other areas so that we can
now plan our experiments with greater certainty. In the light of
our experience we have been able to sharpen, and in some cases
redefine our objectives.

I should like to take this opportunity to review our space
flight attempts and accomplishments during the past year and to
indicate to you our plans for the next several years.

During calendar year 1959, the NASA attempted 16 major
vehicle launchings for various missions in the space program.
This chart lists these launchings in chronological order. We

had, as you can see from the listings in grey, our share of

unsuccessful launchings. This, we feel, is to be expected at



the present state of the rocket vehicle art. We have in each case been
able to determine the probable cause of failure and have taken correc-
tive action in subsequent flights. The ratio of successes to failures
has increased as the year progressed, and we have every cause to
expect our future flight schedule to show an increasing percentage
of successful flights,

Let me review each of our launchings for you.

On February 17, a Vanguard rocket placed a satellite into
an elliptical orbit. The launch was completely successful. The
instrumentation worked as planned and the data transmitters
operated longer than was anticipated. The satellite contained two
photocells to measure cloud cover over the earth. A wobble occurred
in the satellite spinning motion during the launch, however, so that
interpretation of the data has, thus far, been difficult. Analysis is
still underway.

On March 3, a Juno II vehicle launched a conical 13. 4-pound
payload past the moon and into a virtually perpetual orbit around
the sun. The payload, known as Pioneer IV, yielded excellent
radiation data during the more than 82 hours that it was tracked
to a distance of 407, 000 miles from the Earth. It now courses

through space as a new satellite of the sun.



In the next four months we had no successful launches. Two
consecutive Vanguard launchings failed. On April 13, there was a
failure during second stage separation. This caused the second
stage to tumble and led to an impact of the payload only a few
hundred miles off Cape Canaveral. On June 22, a regulator on
a helium pressurization line failed. This flight also terminated
only a few hundred miles from launch as a result.

On July 16, a Juno II vehicle had to be destroyed only
5-1/2 seconds after launch when there was a failure in the guidance
power supply. This was the same type of vehicle that performed
so well in the Pioneer IV shot.

The Thor-Able vehicle successfully launched the Explorer VI
satellite on August 7. This payload weighed 142 pounds and was
placed in a highly elliptical orbit extending to more than 26, 000
miles from the Earth. This was the most complex payload yet
launched by the United States. Fourteen scientific and technological
experiments were conducted in this one mission.

On August 14, we experienced another failure with a Juno II
vehicle. The payload, a 12-foot diameter inflatable sphere designed

to measure air density at extreme altitudes, was plunged into the



mid-Atlantic after launch when the attitude control system for the
upper stages malfunctioned.

A week later, our first test firing of the Little Joe rocket in
support of Project Mercury was aborted when the escape rocket on
the capsule mock-up fired 30 minutes before scheduled booster
launching. The Little Joe booster rocket itself was left undamaged.
on the pad. The separation rocket malfunction was traced to a wiring
error.

On September 9, a very successful firing was made for the
Mercury program when an Atlas booster, known as "Big Joe", launched
a "boilerplate'" Mercury capsule into a ballistic trajectory downrange
from Cape Canaveral. Although there was some malfunctioning of the
booster, thereby exposing the capsule to more severe re-entry
dynamic conditions than had been planned, the capsule came through
with flying colors. So successful was the experiment, in fact, that
a second, similar test was eliminated from the Mercury program.

On September 18, the last Vanguard rocket, with an alternate
third stage solid rocket motor, placed a 50-pound scientific payload

into an elliptical orbit. Much valuable scientific information was

obtained from the multiple instrumentation. This launching was the

third successful launching with the Vanguard vehicle.



We were schedukd to make yet another launching during
September. An Atlas-Able vehicle was to place apayload in orbit
around the moon, but during a static firing of the booster on
September 24, the booster was destroyed by a fire and explosion.

On October 4, the Little Joe booster system for Project
Mercury was successfully tested. In this test the rocket was topped
by a dummy non-separating capsule and escape tower. The launching
and flight were completely successful in producing the desired
information on the integrity of the booster system, including the
launcher and the destruct system.

On October 13, a Juno II vehicle made another successful
launching of a satellite known as Explorer VII. This payload,
weighing 91. 5 pounds contained five separate scientific experiments
and was a duplicate of the payload that failed to go into orbit
during the August 14 launching. The transmitters are powered
by solar cells and are still in good active working order. The
transmitters will be shut off after a year of operation, although
the satellite is expected to remain aloft for at least 20 years.

A second, successful Little Joe firing was accomplished

on November 4, It was our objective in this test to evaluate the
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escape system during a simulated abort at maximum dynamic pressure

conditions. The separation of the capsule and recovery was excellent.
The capsule was recovered by a Navy fleet tug about 45 minutes after
launch. A post-test evaluation indicated that the escape rocket ignition
was delayed a few seconds, so that dynamic pressure at separation had
fallen from the anticipated value. Thus, the test, although successful

in all other respects, was not as severe as desired. A later successful
test was, therefore, made on January 21 to re-evaluate this critical point,

On November 26 we suffered a disappointment when a second Atlas-
Able lunar orbiter failed during the launch phase. There was no booster
difficulty on this flight, Rather it was determined that the fiber-glass
shield around the payload came off during an early phase of the flight.
This led to premature payload separation from the vehicle,

We ended the year with a third successful Little Joe firing on
December 4. On this test we planned a simulated abort, or separation
of the capsule, at 100,000 ft. altitude. This was completely successful.
The capsule coasted to 278,000 ft. before re-entering the atmosphere.
It impacted about 177 nautical miles from the launch point at Wallops
Island, Virginia, and was recovered within 1-1/2 hours by a Navy
destroyer that was about 25 miles from the impact point. As you
probably all know, the capsule contained a biopack with a monkey
enclosed. The monkey was in excellent condition upon recovery and

still remains so.
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The NASA flight record during 1959 shows that we now have under-
way the start.of a sizeable, significant space program. You will
observe that during the first six months of the year we attempted
only four launchings, and only two of these were successful, During
the last half of the year we increased our tempo to twelve firings, and
seven of these were successful,

I should also like to point out that in addition to the major vehicle
launchings shown here, we made seven sounding rocket scientific
flights in the last half of 1959, and a number of sounding rocket
development flights.

The pace that we have established will accelerate in the near future,
This chart summarizes our planned schedule of earth satellite firings
for the next several years. I should like to point out that only major
vehicle flights are shown here, The scientific missions will be sup-
plemented by a sounding rocket program that will rise to and level
off at a rate of about 100 to 120 firings per year. This will be about
the level established during the IGY by the United States.

During the next year we will complete that part of our scientific
satellite program that uses the Juno II launch vehicle. The payloads
will all contribute to a further understanding of the energetic particle

distributions and of the ionosphere.




The Scout vehicle will also become available during 1960,
The initial firings will be primarily concerned with verification
of vehicle performénce, and hence will carry minimum scientific
payloads. As the vehicle development is proven it will become
an increasingly important part of our science program. It will
. eventually be used in this time period for a number of scientific
satellites as well as near-space probe missions.

The Delta vehicle will also become available in the near
future. A subsequent witness will present technical performance
data on all these vehicles. Suffice it to say at this point that the
Delta will give us a satellite capability several times larger than
any we have flown to date.

In FY 1962 we expect to add Agena vehicles to our stable
of boosters. The greater capabilities of these vehicles now under
development for Air Force programs will enable us ‘to incorporate
improved instrumentation, both in type and in sensitivity, into
our scientific program to give us an increasing insight into the
scientific phenomena that are the objectives of this phase of our

overall program.
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The number of phenomena that we are concerned with is large.
Consequently the number and variety of scientific payloads must
assume the proportions you see here if we are to obtain a compre-
hensive understanding of that part of space fairly near the earth,

We will, in these flights, variously measure atmospheric and

ionospheric properties, energetic particle distributions, and

magnetic and gravitational field distributions. We already know

that some of these phenomena are variable and are affected by a
number of external factors such as the earth's latitude, seasonal
changes, solar activity, and so forth.

To evaluate all these factors it will be necessary to launch
our vehicles along various flight paths. Some will be vertical probes
to several thousand miles. Some will fly in nearly circular orbits
several hundred miles above the earth; others will be launched on
highly eccentric orbits extending as much as 100, 000 miles from the
earth at apogee. Some will fly at low angles to the equator, others
will be launched in polar paths.

The very nature of the instruments that we fly, further adds
to the picture. Certain instruments must operate in a non-
magnetic field and hence cannot be combined with some others that

must be made of magnetic materials. Some instruments designed
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to measure certain phenomena would be saturated and rendered
inoperable by very high particle strengths -- these cannot be flown
in the highly elliptical orbits that pass through the great radiation
belt.

When we consider all of these factors and consolidate our
findings, we arrive at a scientific satellite program such as shown
in the chart.

All of our earth satellites will not be making purely scientific
measurements of the properties of space about the earth. We shall
also be launching a smaller number of satellites in the next several
years to directly utilize space for man's benefit. This spring we
shall launch our first payload specifically designed for the acquisition
of meteorological data, Known as Tiros, this satellite will be launched
by a Thor-Aple vehicle.

A second version of the same payload, with additional sensing
equipment, will be launched in early FY 1961 using a Delta vehicle,
By 1962 it will be possible to launch a more advanced meteorological
satellite known as Nimbus. This will contain more instrumentation
than Tiros and will be stabilized so that the sensors will point at

the earth throughout the flight path.
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Before the end of this fiscal year we will also launch the first
of our passive communication experiments known as Project Echo.
The very thin aluminum coated Mylar 100-foot sphere will be used
to reflect radio signals from one ground transmitting station to other
ground receiving stations. @ We expect to make a number of such
launches to develop the techniques and technologies in this area.

We have already made two non-orbital launchings of the spheres from
Wallops Island, Virginia, to evaluate such technical considerations
as its separation and inflation.

I should like to caution you that neither the meteorological
nor communications experiments in the next several years should
be considered as an early approach to an operational system. These
are experiments aimed at furthering the science and technology in
these areas. Operational systems will come later and only after the
problems have been identified and solved.

In addition to our flights near the earth, we will be engaged
in a vigorous lunar and deep space program in the next several years.
The Thor-Able vehicle will shortly be used to launch a probe into
space to great distances from the earth. This probe should extend
inward toward the sun as far as the orbital path of Venus. A number
of scientific measurements will be made in the sweep-out path. One
of the primary objectives will be an evaluation of long-distance data

communication techniques.
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We shall use a Delta vehicle to launch a very sensitive
magnetometer and a plasma probe in toward the sun. In addition
to scientific information on the properties of space, this experiment
will serve as a developmental test of the new magnetometer that will
be incorporated in many later spacecraft.

You will recall that we had two failures in our lunar orbiter
program in CY 1959. We plan to make further attempts to launch
similar payloads during FY 1961. Late that fiscal year the Atlas-
Agena B vehicle will give us sufficient capacity to make experi-
ments involving close-up TV pictures of the moon and the placing of
scientific instruments on the moon's surface in working order.

This will be a gradually built-up program, starting with technological
development flights of the vehicle and spacecraft.

The Earth and the nearby planets, Venus and Mars, attain
favorable positions in FY 1963 relative to the earth for space missions.
The Centaur vehicle, having increased payload capacity because of the
use of a hydrogen upper stage, will be used to launch payloads to the
vicinity of these planets at that time.

Our Project Mercury program will continue at the fastest
pace possible for such a complex research and development program.
In 1960 we will have additional Little Joe flights to evaluate and

qualify components. We had the first of these about a week ago.
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It was highly successful. We will begin longer range Redstone
flights in a few months. These Redstone vehicles will also be used
to evaluate and qualify components and, at an appropriate time, will
introduce man to the experiences of short duration space flight.

I would emphasize that these Redstone flights will not be orbital

but will subject the pilot to the launch and re-entry dynamics of
flight as well as giving a period of weightless flight experience.

Further Atlas flights will be made in the time periods
indicated. Some of these will be for technical qualifications of
capsule components and for further operational and recovery
training. This vehicle will also place man into orbital flight in
space around the earth. I would hope to anticipate your obvious
question of when man will make this first orbital flight by simply
stating that it will occur at the earliest date that we feel there has
been a satisfactory demonstration of the reliability of every element
in the whole program.

Among the elements of the program that must be functioning
perfectly is our tracking and data acquisition system. Western
Electric Company has been given a prime contract to install the
necessary system at a number of places throughout the world.

There will be 18 Mercury Stations including some ships and a . "

=
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control center at Cape Canaveral. This network is being developed
using maximum possible equipment and sites already developed by
the Military Services.

Not only is this tracking net expansion necessary in the con-
duct of Project Mercury, but other tracking facilities are being
expanded or modified as necessary for the conduct of our whole
space flight program. A later witness will discuss in some detail
the various technical requirements that dictate the needkfor different
data acquisition nets for different missions. Work is underway or
has been completed for all of these stations such as our minitrack
network, the optical tracking net, and the deep space net for tracking
our lunar and planetary probes.

We at the NASA believe that the space flight program I have
outlined is a sound, vigorous program for the exploration of space.
We recognize and do not minimize the limitations that are placed
on us by the launching vehicle capabilities now available to us. As
more advanced vehicles become available we are increasing and will
continue to increase the scope and depth of the space program to the

greatest extent possible.
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Mr. Chalrman and members of the committee:

I want to thank you for this opportunity to present NASA's
request for a $23,000,000 supplemental to the Fiscal Year 1960
budget of $500,575, 000,

May I take thils opportunity to say that I have enjoyed the
cordial relationshlp that has developed between our agency and
the members of the Appropriations Committee during the 15 months
of NASA's operational existence. The extensive experience of
the Chairman, Mr. Thomas, in dealing with the research and de-
velopment activitles of a number of the Independent Agencies
has made his advice particularly valuable to us.

With me today are members of our administrative and tech-
nical staffs who are prepared with item-by-item details of the
supplemental request for funds submitted by NASA, After the

supplemental request presentations, I would like to have enough
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time to discuss with the sub-committee a matter relating to the
starfing of our agency,

I want to assure the sub-committee that NASA has made a
very real effort to live within its $500,575,000 budgetary limit,
However, space exploration involves a highly dynamic, rapidly
changing and expensive technology now in the very early ploneer-
ing stages of development. This supplemental request covers,
for the most part, needs resulting from technological develop-
ments in Project Mercury, the first phase of the Nation's
manned space flight program.

It 1is my belief, based on discussions with responsible
members of our staff, that inability to fund necessary modifica-
tions during fiscal year 1960 will result in a serious slowdown
of this project which has had the Nation's highest priority --

a DX rating -~ since April 1959. It would be no exaggeration
to say that the immediate focus of the United States space pro-
gram 1s upon thls project.

Of the $23,000,000 requested, $19,000,000 1s urgently
needed for Project Mercury. The balance of the request --
$4, 000,000 == is for modifications to a launch pad at the
Atlantic Missile Range to accommodate the Atlas-Agena B and
other advanced launch vehicles. The supplemental breaks down

as follows:
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.ee$l2,200, 000 under Research and Development for
Project Mercury.

«0+$10,800,000 under Construction and Equipment, of which
$6,800,000 is for the Mercury tracklng and data-collection
network, and $4,000,000 1s for the launch pad modifications,

NASA's fiscal year 1960 budget provides a total of
$74,962,000 for Project Mercury. During calendar year 1960,
the major part of the Mercury pre-flight and flight development
program will be completed; component qualification and astronaut
training flights will have been initilated.

During calendar year 1961, the Mercury qualification pro-
grams wlll be completed and the tracking network will become
operational, If we do not experience delays or major develop-
mental setbacks, it 1s our aim to place a man in orbit during
calendar year 1961,

If NASA is to meet 1ts Mercury deadllines, we must have an
additional $12,200,000 in Research and Development to cover im-
provements in the Mercury capsule's design, construction, and
instrumentation., The need for these modificatlons has arisen
as the result of NASA's rigorous developmental tests and con-
tinuing analysis of safety requlrements.

Iet me give you some examples of what I mean, The origil-
nal capsule had two hatches, one in the top and one on the
slde, The side hatch was bolted, We are now making it pos-
sible for the side hatch to be triggered from the inside by

the pilot, much as a canopy is blown from a Jet fighter plane.
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It would be used only in emergencles. We are also re-design-
ing the instrument panel to make fuller utilization of the
pllot's capabilities, and installing a large window, in place
of a small porthole, to increase visibilility for the pillot.
This window also allows him to see the horizon during the
retrorocket firing period, hence aiding him to navigate. We
are adding an inflatable impact bag to ease landing shock.

The supplemental also covers the followlng improvements:

e s o Instrumentation to provide a more powerful communica-
tions system for the pilot.

.+« An alternate reaction controcl jet system which may
prove more efficient than the present system and be substi-
tuted therefor,

.. .31X additional Mercury capsules, bringing the total to
20, These are being procured because our tests and analyses
have shown that it is more economical to buy new capsules than
to rebulld them after test flights.

ve.A "rate-damping" installation in the manual control sys-
tem to cut down on capsule oscillation and make the pilot's job
easler when he chooses to use the manual controls,

.+ .Considerable additional flight monitoring and telemetry
equipment for the Mercury installation at the Atlantic Missile
Range, This equipment is vitally needed for the manned Redstone
flights this year.
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Modifications of this nature are bound to arise in such top
priority, compressed-schedule projects wherein research, develop-
ment, design and fabrication must go forward simultaneously. The
same situation holds, to some extent, for the tracklng and data-
collection network item,

The most recert review of Mercury network construction progress
revealed the need for additiornal funds 1if the network i1s to become
operational on schedule. The $6,800,000 request will provide the
foliowing:

e« o Supplemental instrumentation and facllities at the 16 Mer-
cury stations, including the Mercury control center at the Atlantic
Missile Range.,

...Facilities at the U.S. Navy's Pacific Missile Range, Point
Arguello, California,and 1ts Kauali Island installation in Hawaii.
These two installations will become part of the 16-station network
in place of two Alr Force installations which, it now appears,must
be kept free for the Defense Department's Discoverer program,

Recent studies have shown that a decision to abort the Mercury
mission must be made at AMR within a shorter time span than had
been previously estimated if the capsule 1s to come down on the
Atlantic Ocean as desired, and not land in Africa. This situa-
tion places greater dependence on the Mercury installation at
AMR requiring conslderably mcre equipment.

Finally, the launching pad which wlll undergo modiflcation at
AMR is Pad 12, now being used by the Air Force for Atlas firings.
To accommodate the Atlas-Agera B, which 1s scheduled for initilal
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launchings in late spring or early summer of 1961, considerable
ground support equipment must be provided., Also needed are a new
umbilical tower tall enough to service the extended rocket vehicle,
and a repositioning of the working platform to sult the Agena B's
particular needs.

The Atlas-Agena B and the Atlas-based Centaur are vital to the
Nation's space program in the coming years. The Atlas-Agena B, for
example, will be capable of launching a spacecraft of several thous-
and pounds on a 300-mile orbit or a spacecraft of several hundred
pounds on a lunar trajectory.

Before requesting my assoclates to explain the program changes
in more detall, let me stress agalin my bellef that the proposed
supplemental for fiscal year 1960 is vital to the urgent prosecu-
tion of the U,S. space program., As the members of this committee
know, NASA is almost wholly a research and development operation,
with all the uncertainties and unforeseen problems that such an
operation entalls. Our program requires constant review and
re-evaluation,

Again, Gentlemen, I express to you my appreclation for this
opportunity to discuss our program and to present the supplemental

request.

# # #
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Statement of Albert F. Siepert
Director of Business Administration, NASA
RELATING-TO THE TRANSFER OF THE

ABMA DEVELOPMENT OPERATIONS DIVISION TO NASA

1 apprecisate this»oppértunity to discuss the plan transmit;ed to
Congress by the ,President on January 14 releting to the transfer to the
National Aeronautics and Space Administ?ation~ofrthe Development Operations
Division of the Army Ballistic Missile Agency (ABMA) and certain other
Department of Defense functions. Immediately after the President's decision
was announced on Octoher 21, 1959, our Administrator, Dr. Glennan,
designated me as NASA's principal negotiator to arrange with the Army the
details of the transfer. Since that time, this has been essentially a
full-time assignment in order to assure that the transfer of the von Braun
group to the NASA is effected without disrupting the essential space and
weapons projects now under way. NASA at this point is confident that the
;ians are réaiistic end that, with the support of this Committee and the
Congress, the proposed transfer can be accomplished in a manner which will
greatly strengthen this nation's space efforts, both civilian and military.
There .are several aspects of the proposed plan which, I believe, will be
of special significance to this Committee.

1. Relationship of Transfer to the National Space Effort

Under the National Aeronautics and Space Act of 1958, NASA was
established as & civilian agency to plan and conduct space exploration
for peaceful purposes. This mandate is accompanied by an "except’'clause
which reserves to the Department of Defense ". . .activities peculisr to,
or primarily associated with the :development:of weapons systems, military

operations, or the defense of the United States. . ."
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This "except" clause .- has caused apparent misunderstanding among
the public as to who is responsible for what in the space field. The
intent of the law has been to give NASA, on the one hand, sole responsi-
bility for developing and carrying out the national space exploration
program, in all its aspects. On the other hand, the Defense Department
is responsible for defending the nation in every medium or environment
at its disposal -- on land, on sea, in the air and in space. If the
Armed services fireramissile into space, it is for the development of
a defense mission; it is not firing the shot as part of the national
space exploration program. Such activities by Defense are governed -
strictly by their advancement of military objectives. Understandably,
of course, these Defense missions may advance the state of the space art.

It was in this context that the President reviewed the requirements
and current activities of the Department of Defense and NASA, and decided
on 0ct§ber 21, 1959, to assign NASA sole responsibility for development
of very high-thrust vehicles required for space exploration. This
decision was based on the consideration, concurred in by the Secretary
of Defense, that presently there is no current clear-cut military require-
ment for these space vehicles. On the other hand, future, exploration' ..~
of space, manned and unmanned, for scientific and peaceful purposes, can
only be achieved through use of vehicles of: very highithrust. ..

In line with this assignment of responsibility, NASA and DOD worked
out an agreement that NASA assume technical direction of the Saturn vehicle systems.
As you have heard from Dr. von Braun, this is an interim management arrange-
ment until the Development Operations Division can be transferred to NASA

in accordance with the plan now before you. As you know, this project was
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initiated and funded by the Advanced Research Projects Agency of DOD; it
was being carried forward by ABMA. The Saturn vehicle now éonstitutes
a substantial and growing part of the Development Operations Division's
workload; the military or weapon systems assignments of this group are
rapidly decreasing. Accordingly, the President has proposed that the
unique capabilities and interests of this Division in space flight
development should be transferred and made available to NASA.

Needs may well develop in the future for the use of large launch vehicles
for defense purposes. To prepare for this possibility, the President
has instructed NASA to be responsive fully to specific DOD requests in
this area. Furthermore, NASA and DOD will continue with a coordinated
program for development of space vehicles based on current: IRBM and ICBM
missiles and growth versions of those missiles.

The background for these arrangements is covered in more detail
in the Memorandum to the President which Dr. Glennan and Secretary Gates
jointly submitted on October 21, 1959. If the Committee wishes, I shall
be happy to supply a copy of this document for the record at this point.

In summary then, the decision of the President to assign to NASA
sole responsibility for the development of space launch vehicles; and
the corrolary action to transfer the Development Operations Division to
NASA serves to clarify the responsibility of NASA and to allocate to it
certain available resources in a manner to facilitate NASA's discharge

of these responsibilities.



2. Development and Growth of NASA's Space Capabilities

The transfer of the Von Braun group will give NASA a unique and

demons trated competence in space vehicle development, Where this capability
fits into the NASA space picture can best be explained by reviewing qﬁickly
the brief organizational history of NASA.

NASA became officially operative on October 1, 1958. As you know,
the new agency absorbed the 43-year old National Advisory Committee for
Aeronautics, together with its aeronautical and space research missions.
However, NASA's over-all mission is far broader than that of NACA, since it
is empowered to direct all U. S. aeronautical and space research and
development, aparﬁ from military projects. (In aeronautics, NASA limits
itself to research and it cooperates closely with DOD in aero-space pfoblems.)
Thus, NASA was provided an immediate competence in various fields of aero-
nauticalland space research. While NACA s laboratories initially had
been developed to perform work in the field of aeronautics, much basic
research in the new fields of space was already under way. Research
projects included studies relating to re-entry, development and testing
of sounding rockets, studies relating to aerodynamic characteristics of
missiles, propulsion research, and similar fundamental work of importance
in the space field. What was lacking, however, was adequate competence
in- the design, construction, and operation of space vehicles and in the
related fields of advanced guidance ahd control, communications, ttack-

ing, and data reduction.
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The need for expansion aif the NASA capability in the space ficld was
recognized by the Coungress in the enactument of the Space Act of 1858.
Under Section 302 of this Act, the President was ewpowered to, '. . .transier
to the Administraticn any functions (including powers, duties, activities,
facilities, and parts of functions) of any other department or agency of
the United States, or of any officer or organizaticnal entity thereof, which
relate primarily to the functions, powers, and duties of the Administration
as prescribed by Section 203 of this Act." Acting uncder this authority, the
President, on November 28, 1958, transferred to MNASA perscnnel, equipment
and functions formerly assigned to the Navy's Project Vanguard. 1In addition,
certain personnel from the Upper Atuosphere Group of the Naval Research
Laboratory were also transferred to NASA. From this group, NASA was fortu-
nate in acquiring some 400 highly trained and experienced personnel in the
fields of space sciences and satellite applications, as well as trackinyg,
cqmmunications, and data reduction.

On December 3, 1958, the Jet Propulsion Laboratory, operated under
contract by the California Institute of Technology, was transferred from
the Department of the Army to NASA. JPL personnel, therefore, contribute
to NASA a demonstrated ability in virtually all aspects of space science
and technology with particular capacity in development of upper stages
and guidance systems, and tracking for deep space probes.

Neither the Vanguard or JPL groups, however, provided NASA with the

necessary capability to develop big space vehicle systems. - \

The Huntsville group clearly gives NASA a team of outstanding experts

who are capable not only of "in-house" research and development of ‘ar3e
launch vehicles, but:also of providing, as needed, the responsible technical

monitoring and direction of the various industrial contractors who assist

in the engineering and production of such launch vehicles.



3. Impact of Transfer on the NASA Organizational Structure

The transfer of the Huntsville facility and its integration into
NASA organizational structure has been helped considerably by some ad-
justments and redefinition of the previous mission assignments within
NASA. Our Headquarters organizational structure has already been
modified to permit improvement of NASA's program development and
execution. The Headquarters organization of NASA now provides for
four (rather than three) major operational elements.

Instead of a single Office of Space Flight Development, in its place
we have established two groups:

(1) The Office of Space Flight Programs, under the leadership

of Dr. Abe Silverstein,will be primarily responsible for

the conduct of spece exploration including manned space
flight represented today by Project Mercury; the conduct of
scientific investigations of space; the development of
practical applications of space technology including commu-
nications and meteorological satellite systems; and the
development of necessary tracking, communications and data
reduction systems. The Goddard Space Flight Center, the

Jet Propulsion Laboratory and the Wallops (Virginia) Station

will report to this office.
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CANADIAN GROUP AND NASA TO CONDUCT SATELLITE STUDY OF
IONOSPHERE IN 1961

The National Aeronautics and Space Administration has announced
that the first arrangements have been concluded for a joint
satellite project in NASA's program of Iinternational cooperation
in space sciences. The project will be conducted by the Defence
Research Telecommunications Establishment of Canada and the NASA
to study the ionosphere by means of a sweep frequency topside
sounder satellite. The cooperative Canadian-U.S. experiment 1is
scheduled for 1961.

The Defence Research Board (DRB) is the scientific element
of the Canadian Department of National Defence, and the Defence
Research Telecommunications Establishment (DRTE) is one of its
research agencies.

According to the arrangements, the DRTE will provide the
satellite and its instrumentation»and will operate a network of
receiving stations within Canada for recovering telemetered data.
NASA is to provide high altitude sounding rockets and launching
services to test the Canadian satellite prototype instrumentation,
the satellite launching vehicle, and launching facilities. NASA
will be responsible for ground-based telemetry and recording
apparatus outside Canada to recover telemetered data for at
least one year, and will furnish copies of satellite data

recorded outside Canada for exchange with Canada.



The sweep frequency topside sounder experiment 1s expected
to enhance greatly our knowledge of the characteristics of the
upper levels of the ionosphere (electrically charged regions
of the upper atmosphere). Existing ground stations are able
to obtain information by reflecting radio waves from the bottom
side of the ionosphere, i.e., up to about 200 miles, at approxi-
mately 140 locations throughout the world. Soundings obtailned
with the Canadian-U.S. experiment will extend the ground station
data to altitudes of about 700 miles and in addition, will furnish
information for geographical areas which are not covered by the
present ground station network. _

In operation, the Cénadian sweep frequency sounder willl send
out radio signals whose frequency will sweep through a range of
2 to 15 mc to obtain information on the characteristics of the
upper ionosphere at different frequencies.

The satellite will be launched into a polar orbit, and
principal studles to be made will concern the ionosphere over
Canada, the United States and South America. Soundings in the
auroral zones will be of particular interest to Canada in respect
to special communications problems in high latitudes and arctic

regions.

- END -
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Address by T. Keith Glennan
Administrator
National Aeronautics and Space Administration
Worcester Economic Club

Worcester, Massachusetts, February 15, 1960

Mr, Chairman, Members of the Worcester Economic Club,
Ladies and Gentlemen:

My presence here tonight 1s the result ot two forces, one
pulling ~< and the other pushing me toward the same end objective,
When Arthur Bronwell starts on a project, he sees it through, as
I suspect many of you have found to be the case when he has asked
you for money for your great community and national asset -- the
Worcester Polytechnic Iﬁstitute, He started on the job of plannlng
this trip and speech for me many months ago, even though I was
loath to comment myself so far in advance, On the other hand,
being acutely conscious of the fact that I head an agency of the
government engaged in spending a very large number of taxpayers!
dollars every year, I feel an obligation to report in person to
groups of interested citizens whenever my schedule will permlt,
With Bronwell pulling and my conscience pushing, I am here tonight
to discuss with you some of the important facets of the Nation's
program in space exploration,

It is particularly.appropriate that we are discussing these

matters in Wercester., Much of the pioneering work in rocketry
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was done in this community by the late Dr. Robert H. Goddard,
Born in Worcester in 1882, Goddard earned his bachelor's degree
at Worcester Polytechnic Institute in 1908, completing his work
for both a Master's and a Doctor's degree at Clark University

a few years later,

Dr, Goddard began thinking about the development of rockets
in 1909 and received two U, S. patents in 1914, Supported in his
research by grants from the Smithsonian Institution, Clark Univer-~
sity and Worcester Polytechnic Institute, he was able to launch,
in 1926, the first liquid fueled rocket -~ some five years before
the Germans began the work which led to the V-2 rockets of World
War II. Known today as the father of American rocketry, Goddard,
a quliet man, a meticulous sclentist and able teacher, long a mem-
ber of your community, left behind him at his death in 1945, the
basic seeds from which have sprung our présent day billion dollar
program,

Let me start my discussion by defining several of the terms
we use 1in the misile and space businesses -- terms which are
confusing to you if you are like most of the people with whom I
talk., In fact, I want, if I can, to differentiate for you these
two related but distinctly different activities. Then I will tell
you something about ow program in space exploration. I will des-
cribe briefly the inter~relationships of NASA with the Department
of Defense, Touching briefly on the resources available or to be
evallable to us, I will finish vith a statement of the reasons for
our interest as a nation in a dynamic, costly, and exciting program

of space research and exploration.,
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Firsc-~-as to definitions. One of the most common mistakes
made by the layman--and, indeed, by perscns who have some con-
siderable knowledge of our operations--is that of confusing the
missile business with the space business. To an extent, such
confusion is natural--for these two activities are related. But
to confuse them as some people do and as the Soviet propagandist
would like us to confuse them is something to be avoided. Let
me explain.

The missile and space businesses are related because they
both use rockets as propulsion units--oftentimes the same or very
similar rockets. They both use launching pads--usually The same
launching pads at Cape Canaveral or at the Pacific Misslle Range,
The same or similar technigues are used to provide guldance and
control information to the rocket units in flight. They are or
can ve tracked in their research and development Clights by the
same ground-based equipment. And a man experienced in the design,
production, testing, and launching of a rocket to be used as the
propulsion unit for a nuclear warhead would likewise be qualified
to perform these same functions on a rocket wnich was to form one
unit of a launch vehicle system for use in the space exploration
program, In fact, most of the large rockets used in our space
program were developed originally for use as warhead carriers in
the military missile program.,

Here the similarity stops. I think I can demonstrate my

point by using some models I brought along with me,
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Now to the real importance cf zavoiding confusion in thinking
of missiles ©n the one hand and launch vehicles for space activities
on the other, The Russians have developed much more powerful
rockets than we have thus far developed. They began development
at a time--five or six years before we undertook seriously to
build a missile~carrying rocket--when the Russian nuclear warheads
were very large, heavy, and reiatively inefficient. The early ver-
sions of our atomic bombs were heavy and large also, but we con=-
centrated on the manned bombers--the B-2y, B-47, and the B-52 --
as the basis for deiivery of our nuciear warheads. Only after
we had solved the problems of producing lighter, smaller, and
enormously more efficient atomic and hydrogen bombs did we start
a determined, all-out program to produce a rocket to carry these
bombs to the target, This was in late 1954 and early 1955. And
in a - little more than half the time taken by the Russians, our
scientists, engineers, and industrial contractors have produced
the Thorvand Jupiter IRBM's and the Atlas ZCBM as operationally
useful missiles capable of carrying to the target, with the re-
quired accuracy, warheads as powerful and destructive as may be
requlired,

Thus it should be clear, I hope, that our less powerful rockets
when used as missiles are just as effective in achieving theilr pur-
pose as are the larger, more powerful rockets of the Soviet Union.
As a matter of fact, it is probable that their rockets are more
powerful then they now need for military weapons purposes,., When
used as the base booster in a space launch vehicle system, however,
the story is different. In this case, the Russlans, using their

more powerful rockets as elements in a launch vehlicle,can loft into a
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satellite orbit or propel into deep space to the moon and beyoud much
heavier instrumeted payloads than we can., In addition, they have

the weight-carrying capacity to transport highly precise guidance,
control, and communications units that have made possible the
extraordinary and technologically difficult feats which have
characterized their program. Until we develop more powerful

launch vehicle systems, we cannot exactly duplicate these Soviet
achievements in space., But our inability to do this in space has
nothing to do with the effectiveness or accuracy of our missiles.

Just last week in Havana, Anastas Mikoyan was quoted by the
New York Times as saying, "Those who threaten war, now know that
we have sent a rocket to the moon and that we can send it with
the same precision to any part of the world." This seems to me a
reasonable statement, But the fact that we have not sent a space-
craft to the moon has nothing at all to do with the capability or
accuracy of our own warhead-carrying missile systems. There 1is
no reason, I can assure you, for you or anyone else to translate
the Russians! successes in space into a superiority in missile
accuracy or reliability or effectiveness. While somewhat involved,
I do hope this explanation, which started out to be merely a de-
finition of terms, has given you a better understanding of the
differences and the similarities in the missile and space
businesses.

Now let me turn to a discussion of the Nation's program in
space exploration, And because this is a political year, I think
it desirable to state my strongly held opinion that the Nation's
space program is not and should not be the subject of partisan

politics., The rockets that launch our satellites do not bear the
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insignia of the Republican Party or that of the Democratic Party.
They do not carry the name of one of the military services or the
name of my agency =-- the National Aeronautics and Space Adminis-
tration, They carry only these words -- United States, They re-
present the genius and labor, and the devoted efforts of the
citizens of this nation, regardless of religion, color, or political
affiliation., They represent the tax dollars of all the people --
your dollars and mine,

I assert then, that the Nation's program of space exploration
is, and by its very nature should be, the responsible concern of
all of our people., It is in this spirit that I have come here
tonight to report to you as stockholders in this venture -~ perhaps
I should say =- adventure, For certainly the years ahead give pro-
mige of being years of excitement and achievement in areas of human
effort which until very recently have been accepted as fit subjects
only for the comlc books and the less responsible of the Sunday
supplements,

It is pertinent, in discussing this program to look at the
"Declaration of Policy and Purpose" set forth in the National Aero-
nautics and Space Act of 1958 which guides our activities, There,
the Congress declared: first, "that it is the policy of the United
States that activities in space should be devoted to peaceful pur-
poses for the benefit of all mankind," and, second, '"that the
general welfare and security of the United States require that
adequate provision be made for aeronautical and space activities,"
The Act then established a civilian agency, the National Aeronautics

and Space Administration, to be given responsibility for all of the
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Nation's space activities except -~ and I quote -- "activities
pecullar to or primarily associated with the development of wea-
pons systems, military operation, or the defense of the United
States,”" These latter remain the responsibility of the Department
of Defense,

The creation of "a civilian agency exercising control over
aeronautical and space activities sponsored by the United States"
with the one exception noted in the Act was a legislative act
having the most profcund implication: henceforth it was to be
clearly understood that it was national policy to'émphasize
activities in space for peaceful purposes of benefit to all man-
kind -- for civilian, rather than military, purposes,

The Act then directs that NASA shall "plan, direct, and
conduct aeronautical and space activities," and it proceeds to give
this term "aercnautical and space activities" a three-part defini-
tion., These are, first, "research into, and the solution of, prob-
lems of flight within and outside the earth's atmosphere"; second,
"the development, construction, testing, and operation for research
puinoses of aeronautical and space vehicles"; and third, "such
other activities as may be required for the exploration of space,"

The first two, research into problems of flight and the develop-
ment and operation of aeronautical and space vehicles for research
purposes, are certainly not new, nor are they unigque to NASA. The
National Advisory Committee for Aeronautics, our principal pre=
decessor organization, and the armed services were deeply engaged
In such activities for years before NASA was established., But the
third of these, "such other acdiivities as may be required for the

H

exploration of space,’ projects us into an entirely new dimension
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of human activity. The exploration of space! For the first time in
the long history of legislation these words have been written into a
law. It is safe to predict that the world will never be quite the
same again.

The exploration of space, then, is NASA'!'s specific mission, and
1t‘is a mission for which it is solely and exclusively responsible
under the law. This is a mission just as unique to NASA as the mili-
tary defense d the Nation is to the armed services. And, in the

largest sense of the term "security,"

it is a mission of vital impor-
tance to the security interests of the United States. All of this
should be kept in mind as I discuss program activities very briefly.

The element in our program about which you have heard most fre-
quently 1is Project Mercury. This project has as its objectives the
placing of a man into an orbital flight around the earth at a height

approximating 120 miles; his safe recovery after the completion
of three orbits lasting over a period of approximately four and one
half hours; and the acquisition of data showing something about his
ability to perform useful work while traveling through space in a
weightless condition., This is a mind-stretching, arm-stretchlng
effort =-- one that gives meaning to all the other dements in our
program. For Mercury is but the first limited but significant step
toward our long-range goal -- manned flight to the moon and the
nearby planets,

I am sure there are those among you who wonder about =~ perhaps
even question -- the amount of effort and the large sums of money
involved in Project Mercury, which 1is being carried out under a
priority equal to that of our military missile programs. The best
answer I can give is that it is the nature of man to want to explore

the unknown. Interplanetary space wlll be explored one day. It seems



-9 -

to be within reach now, so we are making the effort. DBut let me
quote briefly from a discussion of this matter by an eminent phy-
sician the other day. He had this to say, in part:-

"These studies (refering broadly to studies of various phe-
nomena in space) will not be complete until the scientist himself is
able to make meticulous investigations on the spot. This is true, not
only for the biological, but, also, for many other physical, chemlcal
and geological problems which are involved. Although significant
engineering achievements in automation, sensing, recording, pro-
gramming and telemetering have been realized and considerable future
development is in prospect, the indispensability of the human observer
in much of space exploration is well established. Man'!s versatility
and selectivity, his ability to preceive the significance of unexpec-
ted and unprogrammed findings or to react intelligently to unanticil~
pated situations have not been simulated by any combination of
physical devices, however complex, which have been developed or are
even contemplated. Human intelligence and manual skill in servicing
the complicated mechanisms of space vehicles or repairing breakdowns
in flight are not readily dispensed with or replaced. When along
with these attributes are considered his weight of 70 kg., his total
resting power requirements of 100 watts, his ability to function for
years without maintenance or breakdown, then even the most elaborate
provisions for his sustenance, welfare and safety are amply Jjustified
simply in terms of engineering efficiency. A national program in
space science which does not recognize the essentiality of the human
observer and does not plan to utilize him most effectively may walt
indefinitely for the automatic devices to replace him or be limited

to incomplete and opportunistic observations."
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I cannot take the time to describe in detail all of the other
elements in our program -~ wWe would be here all night., But I can
summarize them by saying that we have planned and are carrylng out
a oroadly based program of scientific experimentation in space which
will iInvolve, ultimately, the landing of self-propelled instruments
on the moon, the detection and understanding of various phenomena to
be encountered in interplanetary space, and the orbiting of optilcal
and radio astronomy devices and of permanent space-vased laboratories,

Meteorological and communications satellites have a part in our
program. These are thought of as being of possible -~ even probabvle
-= economic importance in the forseeable {future, Meteorological
satellites should make possible weather observations over the entire
gleve, Today, only 20% of the globe is covered by any regular obser-
vational and reporting systems. If we can solve the problems of
handling the vast amounts of data that will be received, develop
methods for the timely analysis of the data and the notification
of weather bureaus throughout the world, we should be able to improve
by a significant amount the accuracy of weather predictions. I am
told that an improvement of only 10% in accuracy could result in
savings totaling hundreds of millions of dollars annually.

Similarly in communication, we find that within the next twenty
years existing techniques are apt to be stretched beyond reasonable
economic limlts by the demands to be made for long dlstance communi-
cations. It 1s difficult to see how transatlantic television will
be possible when one realizes that there is presently a capacity oi
less thay 10 telephone channels across the Atlantic and a single

television channel is equivalent in bvand width to 1,000 telephone
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channels, It appears that a syster utilizing satellites is the most
promising solution to this problem,

As you can well understand, one indispensable element in this
program 1s the launch vehicle system -- the rockets that propel the
spacecraft into outer space, As I have said earlier in this discus-
sion, the Soviet Union has the ability to place substantially heavier
payloads into orbit than we can at the present time, It is in this
single area that they now have superiority in the space business.,

And that superiority makes it possible for them to undertake difficult,
vyeful, and spectacular feats which are denied to us for the time
being.

We have under way a very aggressive program to correct this
situation =~ not just to match the Soviet Union, but because we will
need such a capability in our own program in the years ahead. Within
the next twelve to eighteen months, we should begin launching rocket
vehicle systems that will allow us to match and out-match what the
Soviet Union has done to date. But it 1is not realistic to think
they will not progress in the meantime -~ in fact, we know now that
they have been testing more powerful rockets which could be used in
launch vehicle systems for space exploration. And so our highest
priority projects include Saturn, which will permit us to place ap-
proximately fifteen tons -~ 30,000 pounds ~- in an orbit 300 miles
above the surface of the earth.

Saturn 1s the project being carried out by Wernher von Braun and
his group at the Huntsville, Alabama, center which is in the process
of velng transferred to NASA from the Army. The President has

authorized a request for additional funds to accelerate this project,
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“snsequently, we arce asking the Congress for 230 millions for
Saturn for the 1961 fiscal year. Unfortunately, even under the
acceclerated program we are following, thils capablility of the Saturn
class vchicles will not be in hand before 1964 at the earliest. It
takes a long time to develop one of these beasts. It 1s probable
that a two-stage Saturn vehicle of somewhat lesser capability will
be avallable and useful in our program in late 1963,

Glving dates in these instances 1s a proper pastime for $ome -
but not for those of us who have the responsiblility for making good
on the promises given., I am confident, however, that Dr. von Braun,
to whom we will give major responsibility for the bulk of our launche
ing vehicles program -~ I am confident that he and his associates
will deliver on schedule if we give them the support and resources

hey will ineed.

Looking at the human resources available to us to carry out
this broadly based program, I would point out that the Act directed
that NASA absorb the 43-year-old National Advisory Committee for
Aeronautics., This world-renouned research and development organiza-
tion gave us a base of nearly 8,000 employees and three large, well=-
equipped laboratories and several supporting field stations, In
rapld successlon we acquired several hundred people from other govern-
mental activities, principally military laboratories, began.an active
recrulting campaign, and had transferred to us by the Army the 2,400-
man operation known as the Jet Propulsion Laboratory, managed by the
California Institute of Technology under contract to NASA, Most
recently, the President has reported to the Congress hils Intention

.0 transfer to NASA from the Army Ballistic Missile Agency in Huntsville,
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Alavama, the Development Operations Division of that organization
under the direction of Wernher von Braun., This latter group will
include 5,500 sclentists, engineers and support people,

Of particular interest to you here in Worcester is the 2,000
man laboratory we are bullding at Greenbelt, Maryland. Concentrat-
ing on the development of satellite space craft, it has been named
the Goddard Space Flight Center -~ a fitting recognition of the very
great basic contrivutions to rocketry made by Dr. Goddard,

As of June 30, 1960, we will have a staff of slightly more than
18,000 -~ the great bulk of these having been acquired by transfer
from other agencies of government. In spite ¢f the size of this or-
genization, we estimate that approximately 75 per cent of our budget
will be expended through contracts with industry, educational instil-
tutions, and other non-governmental groups.

Financial resources available to us are substantial. Our 185%9
fiscal year budget totalled $335,000,000, In fiscal year 1960 -=
the year ending 30 June 1960 -- the Congress voted for NASA the sum
of 501 millions., Our request to the Congress for the next fiscal
vear totals $938,000,000, of which $23,000,000 has been requested,
actually, as a supplement to the budget for the current year. These
are not inconsiderable sums of money. And you should know that our
long range planning suggests the expenditure of a total of 12 to
15 billion dollars for space exploration over the next ten years,

I sdd earlier that I would speak about the relationships be~
tween NASA and the Department of Defense. In doing this, let me try
to clear up some of the confusion that exists concerning what is

Frequently referred to as the "Nation's Space Program". This progranm
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should more properly be termed the Nation's Space Exploration Program.
It is a program--in terms of the law governing NASA's operations -~ con-
sisting of all activities designed to further the exploration of space.
It is a program for which NASA is directly responsible. And it is a
program which does not embrace the military uses of space, although
kthe results of NASA's efforts and findings will be fully available

to the Department of Defense.

For the Armed Services, space 1s properly not a program at all,
but just another place where military functions can be performed for
the defense of the Nation. The military utilization of space, and the
research and development effort dicected toward that end, are integral
parts of the total defense program of the United States, Military
Space projects are undertaken only to meet military requirements, and
chey presumably must compete in the military budget with alternative,
and more conventional, means of accomplishing the same military ob-
Jectives, For the military, the test must be: Is it, all things con=-
sidered, the most prudent way to expend our resources to achieve the
best defense of the Nation? The military has no obligation whatsoever
to perform any part of its mission in space merely because space is
‘there and because man now, for the first time in history, finds it
accessible.

NASA, on the other hand, has been directed by law to plan, direct,
and conduct such activities as may be required for the exploration of
space.

Actually, NASA and the Department of Defense have worked out
over the past year a reaéonable division of responsibilities., The

space projects for which they have responsibility have been undertaken
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to meet military requirements. On projects in which we have a

joint interest, we have excellent interchange. Our people sit to=-
gether with theirs on technical requirements committees, although
management authority 1s always clearly allocated to one or the other
agency. We are supported in the Mercury Project by a very substan-
tial military task force concerned with capsule recovery operations,
In the X-15 program, we are Jjointly involved with the Air Force and
the Navy. I thiniz i{ safe to say that, as reasonable men and under
the guidance of the President, we have established an effective
division of effort with satisfactory cooperation all around,

Let me now {inisih chis discussion with a statement of the rea-
sons I believe this program of space exploration to be a useful and
necessary activity of the Federal government. In the first place,
there is a conviction held by most of us that research in space will
turn up great amounts of new information that ultimately will be
useful to man. The point is often made that man's progress to date
has resulted from his search for knowledge and the application of
that knowledge to his benefit in the eradication of oppressive con-
ditions of labor, in the abolition of routine drudgery and in tae
elimination of hunger and disease. It appears provable that weather
forecasting, communications, navigation and geodesy are fields that
will benefit from the use of space as ¢ ..nsc {'or operational systems.
In most of these cases, it seems clear tiat only with satellite-based
systems can real advances be made, and 1w scue 1t appears that grean
contributions to the economy will result.

Second, we have man's known unwillingness to leave unconquo.d

any new and adventurous frontier, and thus there 1s an urge tha.
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pushes us toward manned space flight., To me, success in this part
of our venture will be peculiarly a part of the pioneering tradition
that has made this a naticn of individuals, free to risk their
future as each may choose.

Third, there is this matter of competition with the Soviet
Union, While space research is only one of the many areas of scien=-

tific, economic and political rivalry between our two great nations,

[N

it i1s the most exciting, difficult and glamourous of all. For de-
cades, the world at large has regarded this country -- our own
country -~ as pre-eminent in most scientific, technclogical and in-
dustrial fields. They have known us by our works and judged them
good.

The Soviets have managed to convirnce many, even 1in the rela-

tively sophisticated western nations, and certainly in the less

industrially developed nations, that Russian accomplishments ia space--

and they are considerable -- are the true measure of scientific and
technological advancement, and thus the measure of the strength of
a society and a form of government.

FPinally, we have the possibility of the discovery of 1life on
the far-off planets. Such a discovery could very well become the
crowning achievement in man’s quest for knowledge in space -- an
achlevement that, historically speaking, could transcend any present
considerations of competition with Russia or of near-future benefits
from satellites and space probves,

Speaking more prosaically -- as I wrcte these words I was re-
minded of a story told about Mark Twain. In a discussion with the

nilot of a river boat at the time in our history when steam was
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bpeginning to replace sail, Twain answered the protests of the
pilot against the new fangled inventlon by saying to him --"when
its steamboat time, you steam".
This 1s the time for space research and space travel, It 1s
a time of challenge and change. Let us remind ourselves of the
words of Brutus spoken in Shakespeare's "Julius Caesar" -
"There is a tide in the affairs of men
which, taken at the flood, leads on to fortune;
Omitted, all the voyage of their life
Is bound in shallows and in miseries,
On such a full sea are wec now afloat;
And we must take the current when i1t serves

Or lose our venture,"

Ladies and gentlemen of Worcester, 1t has been a privilege for
me to be here with you and to discuss this great adventure into the

unknown. Thank you very much.

NASA Release No, 60-123
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INTRODUCTION

It is a privilege to have been asked to spesk to you todsy ahout the
international programs of the National Aew nautics and Space Administration
(NASA). This is particularly so because our country's first steps in
space exploration, in both planning snd execution, were teker in concert
wi‘ch other nations in the Americas. It was scientists from both North and
South America, meeting in Rome in 1954, with their colleagues from Europe
and Asia, who initiated the chain of events which have now extended man's
reach beyond his immediaste enviromment. There in Rome, at a meeting of
the World Committee for the Intermetional Geophysical Year (IGY), it
was agreed that the technology required to place scientific satellites
in orbit was available and that the effort should be made. Ister, the
cooperation of govermments and scieniific communities in Iatin Americe

made it possible to establish the tracking and telemetry stations vhich
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were required to follow the first U. S. satellites. I will have more
to say about these stations later. I should like now only to express
again our thanks to our Iatin American colleagues for the very valuable
assistance which has been given to us in this work.

THE PHILOSPHY OF COOPERATION

One may well ask why it is that NASA, while heavily committed to a
difficult and ambitious program of space research, nevertheless seeks
to engage in cooperative efforts with other nations. My first remarks
suggest at least two reasons:

~-- First, man's first ventures into space were taken in the context
of international cooperation in science -- as part of the program of
the International Geophysical Year. The IGY operation captivated men's
minds. It has achieved & dynamism which almost demands that we contimue
to work within the same sort of framework.

-~ Second, the technology of operations in space research virtually
requires global efforts. No country cen be satisfied with tracking and
teiemetry efforts which are restricted to its own borders. Even the
Soviet Union has requested the services of tracking stations located in

your countries, in South Africa, and in Australia in order to cover the

movements of its satellites over the Southern Hemisphere. Soviet scilentists

have also mede important use of the great radio telescope at Jodrell Bank
in England.

But there are other considerations.

-~ We recognize that scientists in all countries can make important

contributions to the theory and practice of space research.
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-« Ultimately, more ambitious efforts to push our knowledge ever
further into space wlll become so costly end complex that the burdens
will be too great for any one nation to carry. It will be desirable
to pool energies and contributions as well as costs.

-~ Above all, perhaps, we know that space is inherently inter-
national in character. It is already & widely accepted principle that
no one nation should approprimte to itself regions or natural bodies
in space. There is strong feeling everywhere that we must not extend
cold wars and srmements competitions into the vastness of space. Ve,
for ocur part, hope to demonstrate by the openness of ocur progrem and our
readiness to participate in cooperative projects, that we subsecribe in
fact as well as in word to these principles,

Each of the considerations which I have just mentioned was re-
viewed by the Congress of the United States when, in the Spring of 1958,
it debated the establishment of a civilian space agency in the United
States. The records of these Hearings show very clearly how conscious
our legislators were of every one of these points. So, it is not sur-
prising that the Congress wrote into the Act establishing NASA that
one of its purposes should be "Cooperation by the United States with
other nations and groups of nations in work done pursuant to this Act
and in the peaceful application of the results thereof..." NASA has
accepted this objective not as a pious pronouncement but rather as a
substantive obligation.

In order to provide for asggressive support of international objec-

tives within NASA in response to the Congressionsl mandate, the
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Administrator established the Office of International Programs. It is
the function of this office to generate, to encourage, to coordinate,
and to provide necessary supperting services for, NASA's cooperative
activities. I should like now to tell you what principles we mean to
i“ollow in cooperative progrems. Then I propose to tell you something
about those programs in which we are already enpaged.

We feel that programs of international cooperation should be
substantive in character, contributing toward the technicel and
lscientific objectives of space research. This suggests that the
progrems themselves should grow out of, or be capable of integration
with, NASA's own operating and research programs. But we do not wish
to suggest to other nations'! scientists what projects or programs
they should adopt, or, indeed, that they should enter into space
research at all. If cooperation is desired, however, we are eager to
discuss the possibilities. In such cases, we believe that considera-
tion should be given to specific, limited projects, for it is too
early in this new science to chart broad general programs. The
essential criterion should be that the projects have scientific or
technicel validity. We would hope that proposals would represent
experiments or other projects which we ourselves would wish to carry
out if they were not to be done jointly.

Generally speaking, we cannot at this time consider programs
which would involve an exchange of funds. Rather, each nation should
be able to support its own contribution. However, it is not necessary

that contributions be of equal scope and magnitude. Beyond these
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particular points, it goes without saying that the free exchange of
information, and especially the results of our experiments, should be
made available to'the scientists of all nations. To this end we support
the activity in the United Nations regerding the peaceful uses of ocuter
space, Similerly we are, through our National Academy of Sciences,
giving full support to the International Committee on Space Research
(COSPAR), one of the permanent offshoots of the World Committee for

IGY.,

TYPES OF PROGRAMS

I should like to tell you now of the types of internationsl
programs which NASA is slready conducting. It is convenient to
distinguish four basic types of international activity in which NASA
is engaged:

(1) Operationsl -- This involves the acquisition and/or
operation of tracking and telemetry stations and services as necessary
to meet operating requirements for a global range.

(2) Informstional -~ This category includes the dissemination
of advance information to foreign scientists so they may prepare to
utilize U. S, space satellites in independent ground-based experiments
of their own. It also includes the dissemination of resulis of experi-
ments for the information and benefit of scientists everywhere.

(3) Joint -- This category includes projects, experiments and
exchanges of mitual interest and advantage between U.S. and foreign

scientists,
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(4) Personnel Exchanges and Training -- This refers to programs

vhich provide close working relationships for foreign scientists in
NASA laboratories.

Iet me describe each of these four types of programs in more

detail.

Operational Programs. NASA's foreign operations indicate how

widespread our international activities have already become.
Coordinated space probe tracking activities are conducted or about to
be conducted in a total of 19 countries. Based in our own hemisgphere,
these now extend to Africa, and the Pacific while additional stations
are in prospect in the United Kingdom and Canada.

The backbone of these tracking activities sre the radio and
optical stations established in South America. (The optical stations,
established by the Smithsonian Astrophysical Observatory, are
operated now for NASA under grant.) In Chile, Equador and Peru,
these stations are operated jointly with technicians of these
countries. In every case, the governments concerned have generously
entered into agreements for the contimmed operstion of these stations.

Cther Minitrack and Baker-Nunn Camera sgtations are operated in
South Africs and Austrelia. Two new Minitrack stabions--designed
to extend our network latitudinally--are plained in Newfoundland and
England, subject to the approvel of the Canadian and British govern-
ments,

This basic operating network is supplemented in three instances
by contract or grant arrangements. The largest steerable radio "dish"

in the world, at Jodrell Bank in England, has contributed invaluable
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tracking services during the past year under contract with NASA. Grants
for tracking and telemetry services, together with necessary U. S. equip-
ment, have gone to the University of Heidelberg in West Germany and to
the Radio Research Iaboratories of the Ministry of Posts and Tele-
commnications in Japan.

At the present time, NASA is engeged in esteblishing a special
network of tracking and data acquisition stations abroad in comnection
with Project Mercury, the first step in the U. S. manned satellite
program, Government-to~Government negotiations are in progress for
sites in Australia, Bermuda, the Canaries, Canton Island, Mexico,
Nigeria, and Zanzibar. At least two of the Mercury stations will
be operated by nationals of the host country. Additional participation
will be possible to the extent that qualified personnel become avail-
able.

This special network is required becsuse of the orbital in-
clination which the Mercury capsule is designed to take. Tracking
end telemetry stations are more closely spaced for this program than
for any other yet conducted by NASA. This will permit virtually con-
timious monitoring of the physiological reactions and condition of
the Mercury astronaut. Necessary decisions may then be made at the
earliest possible time in the interests of the astronaut's safety.

Finelly, as our efforts turn increasingly toward deeper probing
into the reaches of our planetary system, we will require specialized
stations with high capabilities for very long range tracking. A

network of radio telescopes for this purpose is being established.
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We hope to supplement instellations now within our own borders by
locating new 85-foot steerable "dishes" for the tracking of deep space
probes in the southern Pacific and in southern Africa, with the per-
mission and participation of the governments concerned.

As I have said, 19 countries or political entities are involved
in these network arrangements. It is clear, then, that NASA's global
tracking range is truly internastional in character and that a very
considerable input is provided by techniclans and scientists abroad.
In addition, the land for most of the station sites has been made
available without cost.

These far-flung activities of NASA help to broaden scientific
interest, particlipation, and contribution in the exploration of space.
It is NASA's desire to encourage further participation by nationals
of thé countries in which tracking sites are located.

Informational Programs. NASA contimues the launching announce-

ments and data exchanges which were instituted during the International
Geophysical Year. The lasunching of sounding rockets is reported in
brief flight summaries which are filed with World Data Center A
(Rockets and Satellites) at the National Academy of Seiences. The
Academy then distributes this material to the other Werld Data Centers
in England and the Soviet Union. At sixemonth intexvals, the material
is catalogued for the information of the scientific commnity.
Announcements of the launching of sat=llites and space probes are
made routinely within a few hours through SPACEWARN, & special world

commnications net established during the IGY, es well as in the press.
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These announcements provide scientists with orbital charecteristics,
satellite or probe weight, types of instrumentation and experimental
ob jectives,

Results of experiments are published in the recognized scientific
Jjournals and distributed alsb through the World Data Centers. Techniques
for interim cataloguing and periodic notification of available results
are now under joint study by NASA and the National Academy of
Sciences. |

NASA is also participating extensively in sciembific symposia,
in many weys the life-stream of international scientifiec exchange.
During 1960, NASA scientists and technicians have attended, or will
attend and contribute to, meetings in Nice, Tokyo, Helsinki, Ottawa,
Copenhagen, Madrid, Buenos Aires, and other cities abroad as well
as here in the United States. Potentially the most significant
of these symposia is the United Nations Space Conference. NASA is
preparing to play a central role in organiming the U. S. contribution
to this hopeful exchange among pioneers in space from all nations.

The methods, objectives, and standards of internationsl exchange
of data were reviewed by COSPAR last month in Nice. TI{ is of some
interest that this meeting resulteci in renewing the understandings for
scientific exchange which had been established during the IGY. In
addition, these understandings were enlarged in at least two respects.
The Soviet scientists have now agreed to provide the orbital elements
of the trajectories of their satellites so that scilentists everywhere
can compute the appropriate look angles needed to locate these

satellites by radio or optical means from any location on earth.
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In the past, the Soviets provided this information only for specific
locations on the glébe. TIn addition, it has been agreed that launching
nations will hereafter give advance notice of satellite launchings
where the orbitel inclination, the power output, the radio frequency
to be used or the opportunities for observation are significantly
different from those in past satellites.

NASA seeks not only to comply with but to go beyond the ex=
changes glready agreed on intermationyglly. Even before the COSPAR
meeting, steps were taken to provide the world scientific community
with an opportunity to participate in a future U. S. experiment in
accordence with local capabilities and interests. The experiment
is Project Echo, the launching of a 100-foot inflatable, aluminized
sphere which will serve as a passive reflector for commnications
experiments and will also permit studies of atmospheric drag. The
details of the experiment have been disseminated not only in the
United States but also to COSPAR and individual scientists abroead
who may be interested. With this advance informstion, foreign
acig@tists may prepare the necessary equipment and errange for
such ground-based experiments a&s are feasible. This procedure
will serve as a pattern for future advance notification where
appropriate -- in the interests of brozd participation, maximm
utilization, and, not least, optimum benefits for all.

In the same way, NASA has notified the international scientific
community that the telemetry calibrations for Explorer VII will soon
be available to them to use for direct reduction of the data provided

by that satellite.
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Joint Projects. Perhaps the most interesting of the possibilities

for internstional cooperation is participation by the scientists of
two or more countries in the design of experiments and in the
preparation of paeyloads for rockets, satellites, and space probes.
NASA has already taken a mumber of significant steps in this
direction. Within a very few months of its establishment, NASA

was engaged in preliminary “eehnical discussions with representa-
tives of the Canadian Defence Research Board on a proposed joint
project to sound the ionosphere from sbove. The Canadisns will also
provide the antenns and satellite shell required. Meanwhile, NASA
will develop a fixed-frequency scunder, Both will be placed in orbit
by the United States. Tracking installations will be modified to
acquire data from both, and a coordinated ground~based net will
simultanecusly probe the ionosphere from below. The British have
expressed interest in this phase of the project. Thus, a multi-
lateral experiment is already in preparation and will be conducted
sometime in 1961.

In March 1959, NASA authorized the National Acadery of Sciences'
delegate to COSPAR to offer, on behalf of the United States, to place
in orbit individual experiments or complete satellite paylcéds pre-
rared by sclentists of other nations. DBecause the closest possible
collaboration is desirable in such efforts, it was stated that the
experimenters were welcome to work together with American teams in the
development of their projects.

In July, the United Kingdom sent a team to the U, S. under

Professor H. ¥W. S. Massey to discuss & British proposal within the
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frarework of NASA's offer to COSPAR. It was tentatively agreed that
British scientists, over a two-to four-year period, would instrument
perhaps three satellites for leunching, probably by means of NASA's
Scout vehicle. ZEach nation assumes responsibility for its own
contribution. ©Specific proposals for four experiments to be flown
in the first joint satellite were agreed upon last month. They will
involve studies of solar radiation, electron density and temperature,
and cosmic radiation. These will permit unique correlations of the

© on-board experiments themselves as well as between these and ground-
based or air-space experiments. An exchange of notes at the govern-
mental level will formalize this arrangement. The proposed experi-
nments were communicated to COSPAR in Januvary and have been endorsed
by that Committee.

The U. 5. offer to COSPAR in lMarch 1959, was followed up during
September and Cctober 1959 by discussions abroad with scientists of
a number of European countries, These discussions were undertaken
by Dr. Hugh Dryden, the Deputy Administrator of NASA, in company with
Dr. Homer Newell, the Depwty Director of the Office of Space Flight
Programs, and myself. The discussions were directed toward those
countries which were known to have established, or to be considering
establishment of, national space centers or committees. We wanted to
learn something of the development of space interests abroad and to
offer, without any suggestion of interference, to discuss cooperative
programs if, and when, the space interests in each country became
organized and endorsed by their governments or major scientific

institutions. We described (1) the organization of space activity



- 13 -
in the United States; (2) NASA's special interest in international
cooperation in accordance with the National Aeronsutics and Space

Act of 1958; (3) the progress already mede in programs of cooperation;
and (4) the kind of cooperation we thought desirable. Ve =m##d also
that cooperative programs might ultimately be formulated gt the
diplomatic level, if required by reason of magnitude or content,

but that in all cases technieal discussions on an informal basis
should precede governmental agreement. ‘uite frankly we feel this

is necessary to ensure that cooperative programs are technical in
character and that any commitments are acceptable to ocur operating
people. Finally, it was proposed that COSPAR be informed of the
nature of any agreed scientific programs, sc we might benefit from
the interest, constructive comment, and auspices of the international
scientific commnity.

The organization of space interests is almost everyvwhere in
early stages. UNevertheless; in addition to the United Kingdom and
Canads, Australia, Belgium, France, Japasn, Italy, and Sweden are known
to have established national space comnmittees. (The U. S. S. R., of
course, has had a space commission in existence for some years.)
While definitive programs have not yet been announced, asnd informal
discussions suggest that relatively limited programs are in view,
there appears to be a strong interest in cooperstive programs in
the Eufopean and Pacific nations. 1In fact, only cooperation will
make possible progrems extending beyond relatively limited sounding
rocket projects. This is due, in large parit, to the very substantial

financial requirements invelved in more ambitious efforts.
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In auy event, it is becoming increasingly evident that the NASA
offer to COSPAR has generated considerable discussion sbroad, with the
resull thet interest in cooperative programs has been expressed formally
or informally on behalf of scientists in Argentina, Australia, Belgium,
France, Japan, Israel, Italy, New Zealand, Sweden, the United Kingdom,
and West Germany. The interest has been both formel and informel and
ranges from requests for sounding rockets or the exchenge of scientific
personnel to full-scale preparation of instrumented satellites.
For example, the Australians have proposed that they prepare
instrumentation to study very low frequency emissions above the iono-
sphere in the regions of the lines of magnetic force. The instrumenta-
tion would be lemnched in rockets or satellites by the United States.
There is in prospect also a "mlti-lateral’ rocket sounding program.
The U. S. hopes to purchase British Skylark rockets for which the
Mistrelian launching range at Woomera is fitted and to instrument them
for the neczssary experiments, the rockets themselves to be launched
by the Musgtsalians. NASA has expressed interest in every case and has
irvited specitic proposals where these have not been provided. NASA
considers, therefors, that a very wide range of cooperstive activities

| is in prospect end it is the Administration's intention to encourage
these most enexgetically.

NASA hns not confined its intereats in cooperation in space
re‘search to the West. The possibilities of cooperation with the U.S.S.R.
bave been explored as opportunity presented. An extensive discussion
of yraliminary nature was conducted in mid-November with the Chairman

of the Soviet Commission for Inter-Planetary Travel, Professor Sedov,
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and another member of the Commission, Academician Blagonravov, during
the visit cf the U.S.S.R. delegation to the American Rocket Society
Meeting here in Washington. The Soviet scientists then expressed
willingness to consider some form of cooperation in space activity
but stated their belief that such eooperation would have to proceed
"step-by-step". The only step which they were at that time willing
to discuss was the Space Conference under U. N, auspices which had
been proposed by their representative in the United Nations. More
recently, the NASA Administrator, Dr. T. Keith Glennan, in an address
before the Institute of World Affairs in Pasadena on December T, 1959,
offered the services of the Project Mercury tracking network to the
Soviet Union when, as, and if it should conduct a man-inespace program.
Dr. Glemnsn then stated that data could be acquired and transmitted
in its raw state to the Academy of Sciences in Moscow. He stated also
NASA's readiness to utilize Soviet equipment should special recording
or data readout be required. The offer was promptly transmitted
though the National Academy of Sciences to the Soviet Academy of
Sciences. While no response has yet been received, NASA plans to
contimie exploration of possibilities for cooperation with the Soviet
Union in projects of muitual interest as occasion permits.

Personnel Exchanges and Training. In order to provide an dppor-

tunity for foreign scientists to develop their interests and capebilities
for space research, NASA has established postdoctorel end senior resident
research assoclateships, administered by the National Academy of Sciences.
These associateships provide stipends beginning at $8,000 per year.

While not intended primarily for foreign nationals, thus far five
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rolentints have been accepted for such associateships from sbroad. The
countries from which they come include Jepan, Indise, New Zealand and
Denmaxls.

NASA's preferred method of operation in connection with joint
projects, as well as specific proposals by foreign space commithens,
will operate to increase the mumber of foreign scientists working
in U. S. space laboratories. Of course, considerstions of operating

efficiency in the building of our own teams requires thet discretion

be used in asccommodating training and fellowship persomnel. At present

NASA does not have funds, outside of the associateship program, to
make gvailable for the travel and subsistence of scientists. Where,
however, their own governments or scientific institutions provide such _
funds, NASA will meke every effort to provide the laboratory support

and guidance possible.
SUMMARY

NASA's operational requirements end sitatutory obligations involve
it in a wide range of international activities and programs. These are
elready generating wide interest and promise to increase participation
by foreign scientists in the investigation of Earth's spatial environ-
ment end the regions beyond. NASA contimues to support the consbruchive
exchange practices of the IGY. Beyond this it has taken a mmber of
positive steps to develop concrete programs of international cooperation.
These steps have met with gratifying response and a program 4of s5ill
uncertain yet clearly significant magnitude sppears assured. The
program includes data and information exchange, operationsl assisbance,
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ground -based participation, technical training, and finally Jjoint
projects in space exploration. Elements of the program are slready
in being. The remainder is rapidly taking shape, though the fruits
of eny efforts in this most demanding of disciplines will be realized
only after long and difficult epplication.

We hope very mich thet our IetineAmerican colleagues will
consider useful projects of Jjoint interest to expand our existing

collaboration in space research.

NASA Release No, 6GO-124
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Statement of T. Keith Glennan
Administrator
before the
NASA Authorization Sub-committee of the
Senate Committee on Aeronautical and Space Sciences
Relating to the Transfer of the
ABMA Development Operations Division to NASA

I welcome this opportunity to discuss briefly the President's
plan, traﬁsmitted January 14 to the Congress, relating to the
transfer to the National Aeronautics and Space Administratio: of
the Development Operations Division of the Army Ballistlc Missile
Agency (ABMA) at Huntsville, Alabama, and certain other Department
of Defense functions. |

Authority for the President's action is contained in
Section 302 of the National Aeronautics and Space Act of 1958,
Paragraph (c) of that section provides, however, that: "“After
December 31, 1958, no transfer shall be made under this section
until (1) a full and complete report concerning the nature and
effect of such proposed transfer has been transmitted by the
President to the Congress, and (2) the first period of 60 calendar
days of regular session of the Congress has expired without the
adoption by the Congress of a concurrent resolution stating that
the Congress does not favor such transfer.,"

Respecting the transfer of the Huntsville group from the
Army to NASA, unless the Congress by concurrent resolution

adopted by March 14 or thereabouts, says that it opposes the

transfer, it will take place.



It is my further understanding that the prime reason under-
lying the proposal contained in HJ. Resolution 567, titled "To
effect immediately the Transfer of the Development Operations
Division of the ABMA to the NASA," was to provide for the means
whereby the Congress would be taking affirmative action, rather
than merely passive action, in this transfer matter,

Hardly less important is the boost in morale of the highly
trained Huntsville personnel that will result from such action.
These able people have, understandably, been uncertain about the
future. Passage of the Joint Resolution will clear the air.

The follewing comments are in support of both the transfer
plan itself and the above-mentioned Joint Resolution.

The Space Act established NASA as a civilian agency to plan
and conduct space exploration for peaceful purposes, reserving
to the Department of Defense in an "except" clause...'activities
peculiar to, or primarily associated with the development of
weapons systems, military operations, or the defense of the
United States." The intent of the law has been to give NASA,
on the one hand, sole responsibility for developing and carrying
out the national space exploration program, in all its aspects.
On the other hand, the Defense Department continues to be
responsible for defending the United States in every medium or
environment best suited for that defense--on land, on and beneath
the oceans, in the air... and now in space. But, as vital as
this kind of activity in space by the Armed Services certainliy

18, 1t should not be mistakenly considered as part of the national
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space exploration program. This latter~-~space exploration---is
NASA's responsibility as a matter of law.

As we look to the future, NASA's responsiblities will call,
most certailnly, for very powerful launch vehicles. At present,
there is no clear military requirement for rocket boosters of
the 1 to 1.5 million pound class. These considerations led to
the decision of the President, in October 1959, to give to NASA
full responsibility for the development of high thrust rockets
and the launch vehicle systems that would use these rockets.

This decision, concurred in by the Secretary of Defense, meant
that the responsibility for Saturn was moved to NASA, first
through our taking over technical direction of this space launch
vehicle system, and now, through the President's plan to transfer
the von Braun team at Huntsville.

Parenthetically, I should note that needs may well develop
in the future for the use of large launch vehicles of the Saturn
class, or even larger, for defense purposes. To prepare for such
a possibility, the President has instructed NASA to be fully
responsive to specific Defense requests in this area. And, of
course, Defense and NASA will continue with a cocrdinated program
for development of space vehicles which use current IRBM and ICBM
rocket engines and growth versions of those missile systems.

Many times, I have noted that there are three ingredients
essential to NASA's accomplishment of its responsibilities as
stated in the Space Act: -~ (1) A program designed to achieve the

end objective of manned flight into space whenever and wherever
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desired; (2) an organization of men and women of specialized
talent who are highly motivated and dedicated to the concept
of exploration into the unknown, and (3) the funds necessary
to the urgent prosecution of the program. It is the second
of these three ingredients...the organization of specialized
talents...that we are considering here today.

We at NASA were given a huge head start in this business
of organizing the team to do the space job assigned us by the
inheritance of nearly 8,000 scientists, engineers, and support-
ing personnel from the National Advisory Committee for Aeronautics.
Thus, we were provided with first rate research facilities being
used to carry out significant research programs on a broad front
in both aeronautics and space. More important, we acquired
experienced and talented people who believe, very earnestly, in
what we are trying to do, and who feel the urgency with which we
must do our work.

There were, however, research, development and operational

areas in which the old NACA tean. was not working and in which

WASA had to become deeply involved to accomplish its total mission.

These included electronics, guldance, launch vehicle systems, etc.
There were two ways we could proceed. One would have been

to start from scratch, selecting sites, building and equipping

new facilities, and then undertaking the painful process of stali-

ing the new laboratories. This course would have been very

expensive; it would have meant raid%ng the personnel of other

organizations; most seriously, it would have meant long delays

in getting ahead with our job.
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The other avenue--the one we chose--was to integrate into
a single hard-hitting organization, the facllitles we already
nad with others doing outstanding work in the areas where we
needed competence. In this manner, we secured the talents of
the Jet Propulsion Laboratory at Pasadena, Calif., which is
operated by the California Institute of Technology. Similarly,
we gained the high order of competence represented by the 300
or so people who had been working on the Vanguard and other
projects under Navy direction.

But we continued to need a highly ilmaginative and competent
engineering and design group, capablé of serving as an integral
part of the NASA organization in the planning and executing of
both short and long-range programs in the development of launch
vehicle systems. We wanted such a group also to monitor contracts
with other governmental agencles and with industry, gnd to provide
necessary ground testing and assembly capability...and finally,
to supervise space vehicle launching operations for NASA.

Ti.¢ requirements we sought to satisfy are possessed by the
von Braun group at Huntsville.

With the transfer to NASA of responsibility for development
of the 1érge-thrust launch vehicle systems...including Saturn
wnich von Braun's group i1s working on...and with the completion
of work on certain military projects, Defense and Army agreed
last October on the desirability of the transfer to NASA of this
group and the facilities it is using.

The transfer will be accomplished without interruption of
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the vital work on Saturn now in progress. As a matter of fact,
the detall arrangements are being worked out between Army and
NASA 1n a spirit of complete harmony and cooperation. Since
the technical direction of the Saturn program was assigned to
NASA, the project has been given the highest national priority,
the upper stage configuration has been agreed upon, work is
being accelerated with increased overtime wherever needed, and
a substantially larger budget for FY 1961 has been requested by
the President.

At the end of the present fiscal year...again assuming Con-
gressional approval for this transfer, the National Aeronautics
and Space Administration will have organlzed into one government
agency what I am confident will stand as an outstanding collection
of scientific, technical and supporting personnel. With the
continued support of the Administration and the Congress, NASA
will carry out...purposefully, vigorously and with a sense of
dedication, the space exploration program of the United States.

With confidence we will meet any competitive challenge in
the area of space that this Nation faces today, or thgt it may

face in the future.

No. 60-127
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NASA-JAPANESE SCIENTISTS HOLD PRELIMINARY DISCUSSIONS
FOR COOPERATIVE SPACE RESEARCH EXPERIMENTS

The National Aeronautics and Space Administration today announced
that informal preliminary technical discussions have been held with
scientists of Japan to explore the possibilities for cooperative
experiments in space research.

Dr H. Itokawa, Professor at the University of Tokyo Institute
of Industrial Science, Dr. Y. Aono, Vice Director, Radlio Research
Laboratories, Ministry of Posts and Telecommunications, and Dr. T.
Inoue, Research Officer of the Planning Bureau, Science and Technics
Agency, spent the past week here at the invitation of the National
Aeronautics and Space Administration. The invitation followed an
expression of interest on the part of Japan in participation with
the United States in cooperative scientific space programs, an
Interest welcomed and reciprocated by the United States.

During their visit the Japanese scientists met with repre-
sentatives of the Goddard Space Flight Center and toured the
Langley Research Center and Wallops Station, Va. Among the
representatives of NASA Headquarters with whom the Japanese met
were Dr. Hugh L. Dryden, Deputy Administrator of NASA; Dr. Abe
Silverstein, Director, Office of Space Flight Programs; Dr. Homer
E. Newell, Deputy Director, Office of Space Flight Programs; and

Mr. Arnold W. Frutkin, Director, Office of International Programs.



Further meetings with the Japanese are anticipated after
Drs. Itokawa, Aono, and Inoue return to Japan for consultation with
other Japanese scientists and governmental authorities.

This meeting of NASA and the Japanese sclentists 1s a result
of an offer NASA made to all world scilentists in 1959 at a meeting
of the International Committee on Space Research (COSPAR). As
part of its program of international cooperation in space sclence,
NASA offered to conduct with other nations, space research ex-

periments which would be of mutual interest.

- END -
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DECEMBER CONTRACTS

During December, 1959 the National Aeronautics and Space
Administration wrote contracts or transferred funds to other contract-
supporting government agencies for the followling projects:

Rensselaer Polytechnic Institute (Rensselaer, New York) --
$46,000 -- Investigate plasma properties of a variety of gases over
a wide range of pressures, electron energies and degrees of
ionization by microwave techniques.

Colorado Seminary (University of Denver, Colo,) --
$119,000 -- Investigate lonization phenomena 1in hydrogen, nitrogen and
oxygen, using high velocity molecular beams.

Office of Naval Research (Navy) -- $110,000 -- NASA funding
for a joint project involving ONR, National Scilence Foundation and
NASA to provide a balloon-borne observatory. A television camere
would be mounted on a telescope to look at stars from an altitude of
about 20 miles. Princeton University is providing project management
support.

Air Research and Development Command (Alr Force) -- $19
million -- Initial NASA funding on a $43 million contract with
Convair Astronautics for ailrframe, stage integration and upper

stage tanks of Centaur., ARDC is supplying technical support.



Strickland Bros. (Portsmouth, Va.) -- $92,000 -- Construct
terminal facility for Back River substation at NASA's Langley Re-
search Center, Hampton, Va.

Hajoca Corp. (Williamsport, Pa.) -- $78,000 -- New gate
and isolation valves for 9 by 6-foot wind tunnel at Langley.

Minstein Construction Co. (Albertson, N. Y.) -- $120,000 --
Two masonry bulldings, one to serve as cable terminal and the other
to house radio communications equipment and rocket destruct controls
at NASA's Wallops Station, Va.

Carpenter Contruction Co., Inc. (Norfolk, Va.,) -- $310,000 --
Construct mainland terminal bullding and a mainland telemetry re-
zeiving building at Wallops.

Harron, Rickard & McCone Co. (San Francisco) -- $25,000 --
Machinery for machining metals by electro-disk charge method at NASA's
Ames Research Center, San Francisco, Calif.

Research, Inc. (Hopkins, Minn.) -- $31,000 -- Infrared
heating squipment for 3.5-foot hypersonic wind tunnel for model test-
ing at high temperatures for Ames.

Iumm Corp. (Toledo, Ohio) -- $£1,000 -- Install propellant
pioing systems for propulsion test chambers at NASA's Lewls Research
Center, Cleveland, Ohilo..

Jarrell-Ash Co, (Newtonville, Mass.) -- $33,500 --
Spectrograph to be used to find impurities in metals 1n baslc materials
research at Lewils.

Ampex Corp. (Birmingham, Mich.) -- $47,500 -- Magnetic
tape recording system to be used in virtually all of ILewls' research

facilities,
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Harrisburg Steel Co. (Harrisburg, Pa,) -- $117,000 -- Gas
transport tanks for lewls.

0. G. Kelley Co. (Boston, Mass,) -- $40,000 -- Fabricate
and assemble various reactor components for NASA's Plumbrook Nuclear
Reactor Facllity near Sandusky, Ohilo,

Bowshot, Cooper & O'Donnell Engineers (Cleveland) --
$70,000 -- Engineering design and drafting servies for rocket systems
research facllity at Lewls.

Leib-Jackson, Inc. ( Columbus, Ohio) -- $66,000 -- In-
stallation of piping, controls and structural iron for Plumbrook
facllities,

Didion Bros. (Sandusky, Ohio) -- $29,000 -- Restoration of
a bullding which is to become the Plumbrook administration bullding.

Electronic Associates, Inc. (Long Branch, N, J,) --
$252,000 -- Analog computer system to be used in data reduction work
in the X-15 research plane program at NASA's Flight Research Center,
Edwards, Calif.

White Diesel Engineering Division (Springfield, Ohio) --
$120,000 -- Two large diesel génerator sets for central power plant
at NASA's Goddard Space Flight Center, Greenbelt, Md,

Panoramic Radio Products, Inc., (Mount Vernon, N, Y.) --
$42,000 -- Indicators, calibrators, and analysis,
equipment requilred to speed the evaluation of early Redstone-boosted

Mercury Capsule launches.
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Tenney Engineering, Inc. (Union, N. J.) -- $80,000 --
One simulated altitude test facility at Atlantic Missile Range to
test barometric switches, environmental and lilfe support systems
of the Mercury capsule prior to launch,

McDonnell Aircraft Corp. (St Iouis, Mo.) -- $33.6 million --
Funding to cover contract changes in Mercury capsule design and lay-
out, additional capsules and support equipment.

Naval Weapons Plant (Washington, D. C.) -- $60,000 --
Engineering design and drafting services for various projects at

Goddard.

END
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Mr. Chairman and members of the Committee:

1 appreciate having this opportunity to present to you NASA's
request for a supplemental appropriation for Fiscal Year 1960 in the
amount of $23,000,000. You will recall that the Fiscal Year 1960
appropriation was approved late last summer in the amount of $500,575,000.

With me today are members of our senior staff who can answer, in
any detail you may desire, your questions on the need for and use we will
make of these funds. My purpose will be to sketch briefly the situation
which makes necessary this request,

I would assure you that NASA has made a diligent effort to live
within the budgetary limitations approved by the first session of the
86th Congress. It must be clear to you, however, that space exploration
involves a highly dynamic, rapidly changing and very expensive technology
which is in its very early and pioneering stages of development.

Powerful external forces are pressing thds natdon in a-competitdan

for high stakes in many fields of scientific, technological, economic
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and political activity. Of these, space exploration and research is

the most novel, the most visible and the one in which the apparent lead
of the Soviet Union lends itself most readily to impressive and effective
propaganda techniques, Our answer has been to develop our own well-
planned, sensibly balanced program of research and development and to
prosecute that program with a sense of very real urgency. This
supplemental request is presented as a result of our attempts urgently

to meet the needs of that program in two areas.

0f the $23,000,000 requested, $19,000,000 is needed for Project
Mercury and $4,000,000 for modifications to a launch pad at Cape Canaveral
to accommodate advanced types of launch vehicles to become available to
us late in the current calendar year. You will recall that Project Mercury
is this Nation's first attempt to launch a man into an orbit about the
earth and to recover him safely. It is my belief, based on discussions
with responsible members of our staff, that inability to fund necessary
modifications during Fiscal Year 1960 will result in a serious slowdown
of this perect which has had the Nation's highest priority -- a DX rating
-~ since April 1959. It would be no exaggeration to say that the
immediate focus of the United States space program is upon this project.

The supplemental request breaks down as follows:

«++$12,200,000 under Research and Development for Project
Mercury.

...$10,800,000 under Construction and Equipment, of which
$6,800,000 is for the Mercury tracking and data~-collection network, and
$4,000,000 is for the launch pad modifications,

NASA's Fiscal Year 1960 budget provides a total of $74,962,000 for

Project Mercury. During calendar year 1960, the major part of the Mercury
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pre-flight and flight development program will be completed; component
qualification and astronaut training flights will have been initiated.

During calendar year 1961, the Mercury qualification programs
will be completed and the tracking network will become operational,

If we do not experience delays or major developmentai setbacks, it is
our aim to place a man in orbit during calendar year 1961,

If NASA is to meet its Mercury deadlines, we must have an
additional $12,200,000 in Research and Development to cover improvements
in the Mercury capsule's design, constructioﬂ, and instrumentation, The
need for these modifications has arisen as the result of NASA's rigorous
developmental tests and continuing analysis of safety requirements. One
of my associates will be happy to give you more detailed information on
the nature of the changes that have been found necessary to insure the
integrity of this project. Let me say simply that modifications of this
nature are bound to arise in such top priority, compressed-schedule
projects wherein research, development, design and fabrication must go
forward simultaneously, The same situation holds, to some extent, for
the tracking and data-collection network item,

The most recent review of Mercury network construction progress
revealed the need for additional funds if the network is to become
operational on schedule. The $6,800,000 request will provide the
following:

«..Supplemental instrumentation and facilities at the 16 Mercury
stations, including the Mercury control center at the Atlantic Missile
Range.

..+.Facilities at the U.S. Navy's Pacific Missile Range, Point

Arguello, California, and its Kauai Island installation in Hawaii.
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These two installations will become part of the l6-station network
in place of two Air Force installations which, it now appears, must
be kept free for the Defense Department’s Discoverer program.

Finally, the launching pad which will undergo modification at
Cape Canaveral is Pad 12, now being used by the Air Force for Atlas
firings. To accommodate the Atlas-Agena B, which is scheduled for
initial launchings in late spring or early summer of 1961, considerable
ground support equipment must be provided. Also needed are a new
umbilical tower tall enough to service the extended rocket vehicle,
and a repositioning of the working platform to suit the Agena B's
particular needs.

The Atlas-Agena B and the Atlas-based Centaur are vital to the
Nation's space program in the coming years. The Atlas-Agena B, for
example, will be capable of launching a spacecraft of several thousand
pounds on a 300-mile orbit or a spacecraft of several hundred pounds
on a lunar trajectory.

Members of your committee are aware, I am sure, that the House
Subcommittee on Deficiencies has considered this matter and has reported
favorably to the House on the entire amount of the request for this
Fiscal Year 1960 supplemental appropriations.

Now, I would like to call to your attention and explain briefly
the necessity for increasing by 250, NASA's Fiscal Year 1960 personnel
ceiling of 9,836, We have determined that a need exists to recruit and
assign promptly to the NASA Huntsville, Alabama facility an initial
complement of 100 employees to accemplish the planning necessary to
assure administrative support for the operation when it is finally

transferred on 1 July 1960. 1In addition, our studies indicate an
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immediate need for 150 additional persons for our headquarters staff in
Washington, D. C., ~- an addition that would bring our headquarters
strength to 683 which is the number we have established as the Fiscal
Year 1961 year end complement. The proposed increase amounts to an
advanced recruitment for these particular positions for reasons which
I will discuss later. These increases in staff can be carried out
within the Fiscal Year 1960 Salaries and Expenses Appropriation of
$91,400,000, thanks to certain flexibility within that item of our
1960 appropriation.

The Special Subcommittee on Deficiencies of the Committee on
Appropriations of the House of Representatives in its report dated
19 February 1960, has approved the request for 100 positions for the
Huntsville facility. However, that subcommittee has approved only
75 of the 150 positions requested for the staffing of our Washington
Headquarters, Gentlemen, I urge the members of your committee to
restore this cut and grant our request for the full total of 150
positions.

 May I point out that NASA, ~- providing its budget request for
Fiscal Year 1961 and the transfer of the von Braun group are approved
-~ will be planning, contracting for and carrying out a program in the
balance of the current Fiscal Year and in Fiscal Year 1961 that will
involve the commitment of $400,000,000 more in Fiscal Year 1961 than
in 1960. Further, our staff will have been increased by more than 5500
employees, principally as the result of the Huntsville transfer. To
plan for and manage sensibly this program of great and increasing
complexity requires this modest increase in headquarters management staff,

The requirement for this immediate increase in persomnnel is, in
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my opinion, the normal and inevitable cutgrowth of the expanding nature
of our activities, particularly in the area of providing adequately for
the development of launch vehicle systems having the thrust capabilities
required to support both the short and long term projects we plan to
undertake. Let me be more specific.

In late 1959 the President ordered the transfer to NASA of the
Development Operations Division of the Army Ballistic Missile Agency at
Redstone Arsenal, Huntsville, Alabama, along with Saturn, the
1,500,000-pound-thrust (clustered) rocket engine under development by
the Division.

Subject to Congressional approval, the transfer will become
effective 60 days from formal notification of the Congress on January 14
last; it will include the 4,300 scientific and technical positions from
the present Development Operaticns Division and a provision enabling
NASA to recruit up to 815 individuals from ABMA or Redstone Arsenal
supporting personnel. The total supporting personnel requirement of
1,200 for Dr. Wernher von Braun's group cannot be filled entirely from
the Redstone personnel because the Army requires their continued service
in military programs.

The 100 persons already approved by the House Subcommittee on
Deficiencies, are urgently needed at Huntsville to plan for the NASA
take-over so that it goes smoothly and does not disrupt either Army
or NASA programs.

The President’'s assignement to NASA of sole responsibility for
developing high-thrust boosters, regardless of their ultimate military
or nonmilitary uses, took place last year. This mission is adding

heavy workloads to NASA's headquarters staff in all divisionms.



Prior to that assignment, the Fiscal Year 1960 authorized
strength in the Office of Space Flight Development was 113, With this
added mission came the requirement for a total of 170 individuals in
all phases of Space Flight Development.

In order to speed development of super boosters, therefore, we
decided to split up the Office of Space Flight Development into two
offices -~ the Office of Space Flight Programs and the Office of
Launch Vehicle Programs with the same total of 170 positions, 110 in
the former and 60 in the latter.

The Huntsville group, and NASA launch operations at the Atlantic
Missile Range and later, the Pacific Missile Range, will report to
the Office of Launch Vehicle Programs.

Let me review briefly the divisions under the new organization.
They include:

...the Office of Advanced Research Programs (formerly the
Office of Aeronautical and Space Research) which is charged with
advanced research in aeronautics and space. Under this office,

NASA's research centers have been undergoing a major transformation

in function from aeronautics and rocket research to the most advanced
space research, all within existing personnel complements. There is a
premium on headquarters personnel with knowledge in specific research
areas; more specialists and clerical help are needed. This office would
increase by 12 from 83 to 95.

...tﬁe Office of Space Flight Programs (formerly the Office of
Space Flight Development) which is responsible for mission planning,
payload design and development, and in-flight research and operation.

As boosters get larger, payloads increase tremendously in size and
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complexity, adding to the pressures on scientists and engineers in the
evaluation and mission-planning phase. This office would grow to 110
positions, an increase of 30.

...the Office of Launch Vehicle Programs, which I have mentioned
earlier, would grow by 27 to a total of 60, Please note that the total
requested for these last two cffices is the same number that was planned
before we decided to establish the second office.

,..the Office of Business Administration, which continues with
the same name and functions, It devolves upon this office to pull
together into an efficient whole, NASA's variegated offices and research
center operations, Additional personnel are required in systems account-
ing and budget analysis, and audit and procurement, for example, Again;
the Huntsville transfer is an important factor in the increased personnel
need, Increase in this office would be 52 for a total of 271.

I would also like to touch upon the needs of my own staff in
che Office of the Administrator, an increase of 29 positions for a total
of 118. The new positions are in areas including international programs,
the general counsel's office, program planning, and public information.

Gentlemen, there is no gain in attempting to reduce the number of
headquarters personnel requested if by that action we are left unable to
discharge effectively our management function. I assert that this reqpest
was arrived at after careful study and assessment of our needs for people
to support our planning, managing and evaluation functions. At this stage
in our program it would be penny-wise and pound-foolish to limit our
headquarters staff as the House Subcommittee has proposed.

I hope this review has been helpful to you, I respectfully urge

your approval of this #23,000,000 as a supplement to our Fiscal Year 1960
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appropriation, Further, I strongly urge favorable consideration of our
request for advance recruitment of 100 positions for Huntsville and of
my plea for restoration of the 75 positions cut by the House Subcommittee
from our request of 150 positions for our Washington Headquarters staff,
Your favorable action will assure more satisfactory management of this
vital national program,

My associates and I will be happy to answer to the best of our

ability any questions you may have,

No. 60-133




NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

WASHINGTON 25, D.C.

-
NASA RELEASE NO. 60-134 ‘ HOLD FOR RELEASE UNTIL:
DUdley 2-6325 [ (! 30 p.m Simbatgmts., Thursday,

February 25, 1960

U.S.-AUSTRALIAN AGREEMENT ESTABLISHES ADDITIONAL TRACKING STATIONS

The Department of State and the National Aeronautics and Space
Administration today announced that Australia and the United States
have signed an agreement which will extend the cooperative efforts
of the two nations in space research The agreemznt, whlch was
signhed in Canberra on Februaryf%g, ﬁioéides for the continued
operation of tracking stations established during the International
Geophysical Year and the establishment of tracking facilitles for
Project Mercury and deep space probes.

Operation of the Minitrack Station and the Baker-Nunn Camera
Optical Tracking Stations at Woomera will be continued. Tracking
stations at Perth and Woomera will be established for Project
Mercury, the United States manned satellite program. A tracking
facility also will be established at Woomera for deep space probes.

Under the terms of the agreement., the Upited States will
provide electronic equipment;-Australia will provide sites for the
tracking facilities and assist in their operation and maintenance.
Australian scientists will be able to use each established station

for independent scientific activities when the stations are not

being used for a United States program.

- END -



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

WASHINGTON 25, D.C.

NASA RELEASE NO, 60-125 FOR RELEASE:
DUdley 2-6325 AFTER LAUNCH
FEB 27 100

THIRD NASA TEST LAUNCH OF 100-FOOT SPHERE

A third sub-orbital test launch of a lOO-foot inflatable
sphere was conducted by ghe National Aeronautics and Space Admin-
istration today from its Wallops Station, Virginia, launch site.

A test vehicle carrying the sphere was launched at 4‘2?/ p.m.
EST. It boosted the sphere to an altitude of about _272. 5§ miles.
It traveled about 5/% % miles east across the Atlantic Ocean.

The experiment was to continue test of:

- the mechanism for ejecting the sphere from its payload and

inflating it in space.

- the solid propellant third stage of the Delta vehicle under

development in NASA's launch vehicle program,

Similar tests were conducted from Wallops Station on October
28, 1959, and January 16, 1960. NASA plans to launch a 100-foot
sphere in orbit this spring for use as a passive communications
satellite in Project Echo.

Today's two-stage launch vehicle stood 324 feet high and
weighed five and one-half tons at take-off. It produced an
initial thrust of 130,000 pounds.

The first stage was one Thiokol Sergeant solid rocket with

two Recruit assist rockets to increase initial thrust. The second
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stage was an Allegany Ballistics Laboratory X-248 solid rocket
which will be the third stage of the Delta vehicle,

The 100-foot sphere was made of mylar plastic half a mil thick
(half of one thousandth of an inch) coated with vapor deposited
aluminum. It welghted about 130 pounds. The aluminum provided
a high degreevof reflectivity of light and radio signals.

During the January 16th experiment, a 960 megacycle radio
signal from Bell Telephone Laboratories, Holmdel, N. J., was
bounced off the sphere and received at a General Electric station
at Schenectady, N. Y., and a Massachusetts Institute of Technology
station at Round Hill, Mass.

At launch today, the sphere was folded into a round magnesium
container 26% inches in diameter. The complete payload package
weighed about 190 pounds.

After ejection from the container, inflation of the sphere
was begun by residual air inside it. Further inflation was
accomplished by 30 pounds of sublimating powders carried in the
sphere.

The payload did not carry a beacon transmitter for tracking
but a telemetry transmitter on the second stage reported vehicle
performance to ground stations at Wallops.

The 100-foot sphere was conceived by Langley's Space Vehicle
Group headed by William J. O'Sullivan,Jr. The sphere and vehicle
were developed by Langley's Applied Materials and Physics Division,
Joseph A. Shortal, Chief. Project engineer was Norman L. Crabill
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of AMPD, Leonard Jaffe of NASA Headquarters is chief of commu-

lcations satellite programs.

- END -



STATEMENT OF DR. MORRIS TEPPER
CHIEF, METEOROLOGICAIL SATELLITE PROGRAM, NASA
Before

HOUSE COMMITTEE ON SCIENCE AND ASTRONAUTICS

The NASA Satellite Applications Program

Gentlemen: After having heard the presentations so far,
you may be wondering somewhat whether the exploration of space
does hot have a more practical side, something closer to our
activities as individuals. This 1s indeed the case, as I expect
to show during the next half hour, as I present the NASA Satel-
lite Applications Program--a program involving satellites that

will have an impact on the day-to-day living of all of us.

Last year, we presented the general aspects of the program
on which we had embarked.

Today, I would like to acquaint you with our progress during
the past year, our activity of the present and our plans for
the immediate future.

The three primary fields of satelliite applications to which
I shall refer are--the meteorological, the communications, and

the navigation satellites.




The first chart states very briefly our objectives in

these flelds. They are:

Meteorological: To develop a satellite capability
for providing world-wide mete-

orological information.
Communications: To develop a satelllte capability
for making possible world-wide
communicatlions.
Navigation: To develop a satellite capability
for making possible all-weather
navigation at low cost.

T shall now discuss each of these programs in turn.

Meteorological Satellite

Our meteorological satellite program has been designed

to acquire certain information needed by meteorologists in

order to adequately describe and understand atmospheric
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processes and to predict the weather. This information includes:

a. Cloud observations, both day and night, on a
global basis.

b. The heat budget of the earth and atmosphere.

c. Indirect measurements of the temperature struce
ture and composition of the atmosphere.

d. Radar coverage, giving world-wide precipitation

information.

The next chart (CHART 2) shows the kinds of instruments
being considered for inclusion on-board satellites which will

provide this information,

a. Photocells and television - storm location,
cloud cover, cloud type and cloud motion.

b. Scanning infrared radiation detectors - average
temperature of the earth's surface and
lower atmosphere, temperature of ~loud

tops.

c. Non-scanning infrared radiation detectors -

gross heat budget measurements i.e.

reflected solar radiation and radiation
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from earth and atmosphere,

d. Spectrometer - composition of atmosphere, water
vapor, ozone, carhon dicxide, and strat-
ospheric temperatures.

e, Radar - rain and snow areas, heights and

intensity of their layers.

The next chart (CHART 3) shows the rate with which we

are accomplishling our program.

During the past year, we had two successful launches of

satellites containing major meteorological instrumentation,

Vanguard II contained a scanning photocell for mapping
areas of high reflectivity (essentially cloud cover). As has
already been explained, a wobble developed upon launch and we

are experiencing some difficulty in reducing the data.

Explorer VII, which is still providing useful data,
contains, among its other scientific instrumentation, a non-
scanning IR radiation detector system for heat budget

measurements,
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Currently, we are actively preparing for the launch this
calendar year of TIROS I and II. TIROS I contains two tele-
vision camera systems for cloud cover photography and TIROS II,
the later version, will have in addition both scanning and

non-scanning infrared radiation detector systems.

Our future program, the series of satellites designated
Nimbus, will contain improved instrumentation growing out of
our experience with previous satellites. Hopefully, later
versions of Nimbus will carry new instrumentation such as a

spectrometer or a radar on-board.

On the next chart (CHART 4), we have an artist's drawing

of the TIROS satellite. The following are its characteristics:

1. Launch vehicle - Thor-Able II (TIROS I),
Thor-Delta (TIROS II);

Stabilization - Spin stabilized;

Weight - 270 pounds;

Size - 42-inch diameter, 19 inches high;

Orbit - 380 nautical miles, circular;

. Inclination - About 50° to equator;

~N O U &= W

. Lifetime - 90 days:
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Instrumentation - Two television systems,
scanning and non-scanning IR and assoclated
electronics;

Power - Solar cells and storage batteries;

Launch - From AMR;

Tracking - Mlnitrack and Millstone Radar;

Data acquisition - U.‘S. Army Signal Corps Statlon
at Fort Monmouth, USAF station at Kaena
Point, Hawaii.

Participation in TIROS has been extensive (CHART 5). TIROS

was initially begun in the DOD. On April 13, 1959, over=-all

project direction and coordination was transferred to NASA.

U. S. Army (USASDRL and contractors from industry -

primarily R.C.A.): Development of payload
and selected ground equipment, data acqui-

sition and data transmission.

U. S. Alr Force (BMD and contractors from industry -

STI, Douglas and Lockheed): Development

of launch vehicle, mating of vehicle and

payload, launch, data acquisition. AFCRC
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-willl assist with data analysis and interpretation.

U. S. Navy (NPIC) Will assist in the photo analysis.

U. S. Weather Bureau: Data analysis and interpretation,

data dissemination and historical storage.

In addition, NASA has organized the Joint Meteorological
Satellite Advisory Committee (JMSAC) with membership from ARPA,

Army, Navy, Air Force, Weather Bureau, and NASA with the follow-
ing objectives:

a. To consider the requirements of the DOD and
NASA in the Meteorological Satellite Program;

b. To serve as a medium of interchange of information
among NASA and DOD members;

c. To assist wherever possible and appropriate in

operating programs.

It is our intent that through the coordination of require-
ments in this Committee we shall be able to develop a true

national meteorological satellite program, responsive to the
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needs of both the military and civilian users.

Meteorological satellite data, particularly the photographs
of cloud cover, will present a new kind of data previously
unavalilable, to the meteorologists. In order to develop tech-
niques of analysis and photo interpretation by means of which
it will be possible to extract significant meteorological
information from such photographs, meteorologists are carefully

studying all available photographs taken from high altitudes.

For example during the past year, there have been several
instances where a camera containing film was placed in a re-
coverable nose cone of an Atlas or Thor launch vehicle. Al-
though the initial and primary purpose for the camera was
non-meteorological, it turned out that some very goodvpictures
of the earth's cloud cover emerged as a by-product. On the
next chart (CHART 6) in the upper left-hand corner is a mosalc
of several photographs taken at about 300 nautical miles ele-
vation during the flight. The clouds were transcribed onto a
map and are shown in tinted blue on the accompanying map.
Superimposed on the chart is the weather situation for the day.

We see how remarkable is the correspondence between the major

cloud areas and the major weather storm regions - as shown by
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the stationary front, the equatorial trough and the easterly

wave.

This very preliminary analysis was performed by the
scientists of the General Electric Company--the company
directly concerned with the nose cone experiments. However,
as you can see, there is a considerable amount of additional
detail on this photograph. The Weather Bureau is studying

these details in terms of meteorological significance.

The Weather Bureau is also conducting similar kinds of
studies, though necessarily more theoretical in nature, in
the fileld of radiation, data handling, data processing, and
operational utilization of satellite data in ordef to be
better prepared to interpret and use the data when they are

avallable.

So much for TIROS and preparing for its data. What is
beyond TIROS?

In order to understand better the direction which we are

following in the follow-on to TIROS~--it is important to under-

stand two of the basic limitations of TIROS. The next chart
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(CHART 7) illﬁétrates these weaknesses., TIROS will be launched
in an inclined orbit and will be space oriented. The former
means that TIROS will reach a maximum northern and southern
latitude (about 50°). It will view events primarily between
these latitudes so that poleward from these latitudes we shall
have 1little or no data from this satellite. Secondly, by being
space oriented TIROS views the earth only part of the time
during its orbit. The rest of the time it looks glancingly

at the earth or out into space. Our follow-on satellite,
Nimbus, will correct this. It will be in a polar orbit and so
will cover all latitudes from pole to pole; it will always

face the earth.

The other characteristics of Nimbus are (CHART 8)
1. Launch vehicle - Thor AGENA B;
2. Stabilization - earth oriented, pneumatic and
inertia wheel technique;
Weight - 650 pounds;
Orbit - 600 nautical miles, circular;
Inclination ~ polar orbit;

Lifetime - six months;

~N oUW

Instrumentation - advanced TV, scanning and
non-scanning IR, spectrometer
and radar on later versions;
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8. Power - solar cell and storage batteries;

9. Launch - from PMR.

Maximum data acquisition from a satellite in a polar orbit

would be from a station located at the pole or as close to it

as feasible. Thus, we are looking into the possibility of
establishing a station in high latitudes at which the Nimbus

data might be acquired.

Communications Satellites

To refresh your memory: Satellites which can be used
to provide communications over large areas of the earth can
be placed into two broad categories-~-the active repeater

satellites and the passive satellites. The active repeater

satellites contain electronics and an appropriate power
source which permit a radio signal, sent from one point on
the earth, to be received on-board the satellite, amplified,
and then to be retransmitted to a distant receiver. The
other category, the passive satellite, is comprised of
satellites which merely reflect back toward the earth radio

signals originating on the earth.
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Because of some rather immediate tactical needs, the DOD
has embarked on a program to develop certain forms of the
active repeater communications satellite. NASA, as was implied
earlier in the introduction, is interested in establishing
the technology necessary to the design of the more general
communications satellites for civilian and commercial use,

In the area of active repeater communications satellites, NASA
is watching with interest and relying on the DOD programs to
provide the early stages of development. NASA has established
a research and development program in the area of passive

communications satellites.

Our initial effort calls for the development of large
spherical satellites and the investigationaf this form of
satellite as a communications medium. This program has been

named Project Echo.

(CHART 9)

A 100-foot diameter inflatable spherical satellite,
developed by our Langley Research Center will be placed in
a cilrcular orbit about the earth at an altitude of approxi-
mately 900 nautical miles. The satellite is made of mylar,

one~half thousandth of an inch thick, with a vapor-deposited
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coating of aluminum to provide reflectivity. It weight approx-
imately 136 pounds and has 31,416 square feet of surface area.
The satellite is evacuated and folded into a 26-inch diameter
container such as this (model). Here, we see a folded sphere
in a transparent contalner as it appears prior to launching
(model). These mylar spheres were fabricated under contract

by General Mills Company and Schjeldahl Company. This entire
package will be placed in orbit using a Delta vehicle, and then
the contalner will be opened to release the sphere. Approxi-
mately 20 pounds of a sublimating powder, placed inside the
sphere, will cause the satellite to inflate in the vacuum of

space.

To investigate the characteristics of this satellite as
a communications medium and to determine the condition of
the sphere in orbit, Project Echo calls for a serles of
communications experiments between JPL, Goldstone, California
and BTL, Holmdel, New Jersey. Signals originating at Goldstone
will be reflected by the satellite and received at Hclmdel.
Signals from Holmdel to Goldstone via the satellite will make
use of a different frequency. These communications facili-

ties are now under construction,
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The satellite has undergone considerable ground testing;
but the real test is to inflate the payload in space, for we
do not have vacuum facilities large enough to inflate this
structure on the ground as part of this development. The
Langley Research Center has programmed several ballistic
launches of the 1Q0-foot diameter sphere from Wallops Island.
Two such tests have been performed: the first on October 28,
1959Vand the second on January 16 of this year. We have
prepared a short film showing the preparation for and the
launching of the first of the two tests mentioned. I should
like to show this film now.

(FPILM)
‘This first scene shows the 100~-foot diameter sphere
inflated in a large hangar at Weeksville, North Carolina, to

determine the quality of construction.
Here, we see the folding table. The sphere is first

folded into a long thin shape, 153 feet long with over 400

accordian~type pleats.

Here, we see the payload container.
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The sphere is then carefully folded into one-half of the

container.
The other half of the container is put in place.

Here, we see being assembled the telemetry equipment

which will radio back events during the flight.

Next, we shall see the second stage rocket. This,
ineidently, is the same rocket we shall use to finally
eJect the payload into orbit on the Delta vehicle; thus,
we are testing as nearly as possible the final configuration

for the orbital experiment.

The payload is now b2ing fitted onto the second étage

rocket of the launching vehicle.

Here, the ballistic launching vehicle is being assembled

at Wallops Island. The first stage 1s a Sergeant rocket.

The second stage and the payload are now being added.
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A protective nose cone has been added which will be

jettisoned after the vehicle leaves most of the atmosphere.

The test was made just after sunset so that the sphere

would be visible by reflected sunlight against a dark sky.

The rocket is fired. The vehicle is spinning to provide
stability.

The sphere 1s ejected and inflated at an altitude of

approximately 80 miles.

(END OF FILM)

This first test showed a fault in the payload, for the
sphere ruptured on inflation. The second test suffered from
a vehicle fault. However, the sphere was ejected and the
data (which is still being analyzed) indicate that the pay-
load fault observed in the first test may have been suc-

cessfully corrected.
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(CHART 10)
Rather large ground facilities are required for the
communications experiment and here we see one of two 85-foot

diameter antennas which will be employed in Project Echo.

(CHART 11)

A specially designed antenna is under construction for
the experiment at Bell Telephone Laboratories in Holmdel,
This antenna is designed to eliminate noises which are a
result of the surroundings. The use of such technliques will

permit the detectlon of extremely small signals.

(CHART 12)

The participants in Project Echo are shown here. NASA
is providing the management and the payload development,
traéking, ete. Jet Propulsion Laboratory, West Coast com-
munications site and Bell Telephone Laboratories, the East
Coast communications site. Industry 1s providing many of
the components; the mylar spheres, radio beacons, antennas,

transmitters, etec.

Last, but by no means least, are the independent ex-

perimenters. We have indicated that the military services
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will perform thelr own experiments but many other organizations
will take advantage of the existence of this satellite and will
perform additional radio propagation experiments. NASA is
cooperating with these experimenters and their effort, in turn,
will augment the sum total of extremely valuable information

to be gained from Project Echo.

NASA plans three launches of the 1OQ-footvdiameter sphere
(the first, an inclined orbit and the last two, polar orbits)
to determine the usefulness of such spheres as communications
satellites and to determine the technology required to place

and sustain such large structures in the space environment.

A single satellite of this type cannot comprise a satel-
lite communications system, for as shown here--

(CHART 13) |

Even though with a single satellite, communications can
be established between any two stations within a rather large
area, as the satellite moves relative to the earth its area
of coverage moves with it. If continuous communication is
to be maintained a number of satellites will have to be in
orbit so that at least one is always in sight of the two

stations desiring to communicate. It would take on the order
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of 26 spheres in a 3-4000 mile orbit to provide 99% availability,
if the spheres were randomly spaced. Because of this require-
ment and the advent of larger boosters in the coming years,

the follow;on program to Project Echo calls for the develop-
ment of the ability to place a number of spherical satellites

in orbit with a single booster vehicle.

Feagibility studies of larger structures and other, per-
haps more efficient,reflectors will continue but the experience
and technology to be gained in Project Echo will provide an

invaluable foundation on which to build the required technology.

Navigation Satellite

At the present, NASA does not have an active develop-
ment program ln navigation satellites. As you know, a
navigation satellite system 1s being developed by the DOD.
We are keeping in close touch with these developments so as
to be in a position to evaluate the usefulness of the system

for civilian application.

The total funds required to carry out the Satellite
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Applications Program as I have presented it are $26, 300,000

of this $20,700,000 is for the meteorological satellite program
and $5,600,000 for the communications satellite progranm.

- END -

MT: jh
1-29-60






